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1 
INTRODUCTION 
Dibenzofiiran (l) was first used in these laboratories in attea^jts 
to prepare certain furan derivatives by oxidative degradation.^ 
i. 
Although dibenaofuran and soiae of its derivatiSres were found to be 
resistant to attack, an interest in the cheiaistry of dibenaofuran 
had been aroused which resulted in the initiation of nxuaerous 
studies^'^*^*^'^'^'®*^ directed toward bringing order to the confusing 
and incouplete literature on dibenzofurans. The early recognition 
that a reduced dibenaofuran nucleus forms part of the skeletal 
10 
structure of morphine resulted in extensive experiments for the 
purpose of preparing derivatives of dibenaofuran which might be of 
Oatfield, Unpublished Masters Thesis, Iowa State College, 1933. 
M. Hayes, Unpublished Masters Thesis, Iowa State College, 193U* 
W. Van Ess, Doctoral Dissertation, Iowa State College, 1936. 
^P, R, Van Ess, Doctoral Dissertation, Iowa State College, 1936. 
C» Cheney, Doctoral Dissertation, Iowa State College, 1938. 
6j, Swislowsky, Doctoral Diasertation, Iowa State College, 1939. 
7h. B. Willis, Doctoral Dissertation, Iowa State College, 19143* 
R. Thirtle, Doctoral Dissertation, Iowa State College, 191+3. 
A. Hogg, Doctoral Dissertation, Iowa State College, 19itl4. 
t 
M. Gulland and R. Robinson, Mem. Proc. Manchester Lit. Phil. 
Soc.. 79 (1925) /C> A., 765 
value as analgesicsThe wartime interest in anti-
aalarials suggested the preparation and testing of a number of 
dibenzofuran derivatives patterned after the known active synthetic 
typesThis latter work was also extended to include a few 
selected derivatives of dibenzotMophene (ll)* 
(I) (11) 
In connection with studies on various loetalation reactions 
1 Q 
which were being carried out at that time, some of the initial 
investigations on the chendstry of dibenzofuran and its derivatives 
w e r e  c e n t e r e d  o n  r e a c t i o n s  w i t h  o r g a n o m e t a l l i c  c o m p o u n d s T h e  
observation that n-butyUithium unexpectedly metalated dibenzofuran 
Q. Bywater, Doctoral Dissertation^ Iowa State College, 193h 
H» Kirkpatrick, Doctoral Dissertation, Iowa State College, 
1935. 
13l, w. Smith, Doctoral Dissertation, Iowa State College, 1936. 
?l. Bradley, Doctoral Dissertation, Iowa State College, 1937 
^P, T, Parker, Doctoral Dissertation, Iowa State College, 1937• 
A. Xoeman, Doctoral Dissertation, Iowa State College, 19Ut* 
^^S. Avakian, Doctoral Dissertation, Iowa State College, 19Wi» 
"I O 
For a coBprehensive revlm of the early netalation studies, 
see H. Gilraaa and R. V» Young, J. Org* Ctem., 315 (193^)* 
19H. Oilman and R. V, Young, J, to. Chem. Soc.> ^  HaS (193li). 
2%. Oilman and R. V. Young, ibid.. ^  1121 (1935). 
3 
in the lj.-position, ortho to the ether linkage, gave iB5>et\is to numerous 
21 
metalation experiments on dibenzofuran derivatives and related types 
which culmiaated in formation of the rxile: 
All aromatic polynuolear coopounds possessing either 
ether or tetiary amino eubstituents can be loetalated 
with ease by organoalkali conqpotmds, and, in every 
case, the entering alkali metal will replace a nuclear 
hydrogen ortho to those substituents. 
Two notable exceptions were observed when attempts were taade to extend 
this rule to cover analagous sulfur-containing con^unds. Phenyl-
22 
calcium iodide metalated dibenzothiophene in the 3-position (meta 
to the sulfide linkage), and n-butyUithium metalated methyl phenyl 
23 
sulfide laterally to give phenylmercaptoacetic acid on car bonation. 
After a measure of order had been brought to the basis chemistry 
of dibenzofuran, a natural step further was to the investigation of the 
2k 
sulfur analog dibenzothiophene. Nitration of dibenzothiophene had 
2$ 
only recently been established as giving a 2-sub8titutcd derivative 
in contrast to the known formation of 
See reference 5» p. 113. 
Oilman, L. C. Cheney and H. B. Willis, ibid., 951 (1939). 
22 
H. Qilman, A. L. Jacoby and H. A. Bacevitz, J. Org. Chem., 3, 
120 (1938). " 
Oilman and F. J. Webb, J. to. Chem. Soc», 6^ 98? (19U0). 
2ii 
A. L. Jacoby, Doctoral Dissertation, Iowa State College, 1936* 
^^C. Courtot, Compt. rend.i 196« 2260 (193i4)» 
26 3~nltrodibenzofuran in a sisdlar nitration of dibenzofxiran. This 
discrepancy^ co\;qpled with the already mentioned anontalous ntetalation 
of dibenzothiophene by phenylcalcium iodide, made even the most 
fundamental reaction studies on dibenzothiophene of interest for 
coiiparative purposes,^^'^'^^ Additional interest in dibenzo­
thiophene was provided by the observation that replacement of oxygen 
by sulfur in certain organic con^sounds may produce desirable 
characteristics in their physiological properties, and also by the 
possibility of greatly increasing the number of interesting conqjoimds 
by oxidation of the sulfides to sulfoxides or sulfones. The latter 
types are of particular interest since the meta-dlrecting influence 
of the sulfoxide or sulfone group is in contrast to the ortho-directinH 
influence of the sulfide linkage, and thus greatly adds to the 
possibility of preparing selected derivatives by direct substitution. 
Direct comparison of the relative orienting effects of oxygen 
and stilfur was the objective of some initial studies on the chemistry 
26 
of phenoxathiin (HI)* fVom the results obtained, the greater 
influence of oxygen over sulfur was generally observed. Further 
confirmation of these results was obtained by a comparison of the 
pA 
N. M. CuUinane, J, Chem. Soc., 226? (1930). 
F, Nobis, Doctoral Dissertation, Iowa State College, 19li8. 
Oilman, M. W, Van Ess, H. B, Viillis and C. 0, Stuckwisch, 
£* Chen. Soc., 62, 26o6 (19I|.0). 
reactivities of thianthrene (Vf) and dibenzo««£-dio3cin (V) in a few 
selected reactions. 29 
8 
7 
(III) im 
0 
5 
(V) 
The work embodied in this thesis was undertaken with the 
objectives of correlating and extending the knowledge of the 
orientations in dibenzofuran and dibenzothiophexie derivatives and 
related types. In keeping with the interest in cojipounds of possible 
pharmacological use, many of the investigations were designed with 
the additional purpose in mind of preparing confounds for physiological 
testing. Particular attention was centered on the preparation and 
study of derivatives of dibenzothiophene, dibenzothiophene-^-oxide 
(VI) and dibenzothiophene-S-dicacide (VII). 
in) (VII) 
29h. Qilaan and C. 0. Stuckwisch, ibid., ll;6l (191*3). 
6 
HISTCmiCAL 
The purpose of the literature survey to be discussed in the 
following pages is to sximmao-ize and correlate the available in­
formation and data which are pertinent to the esqoerimental work 
carried out during the course of this stuc^. The discussion is 
limited to a consideration of the five heterocycles: dibenzofuran, 
dibenzothiophene, phenoxathiin, thianthrene, and dibenzo-jg-dioxin. 
!Oiroughout the course of this investigation frequent recourse was 
made to the appropriate sections of the books on heterocycles by 
30 31 
Morton and Elderfield, to the phenoxathiin review article by 
32 33 Deasy,"' and to the chapter on organometallic conqjounds by Gilman. 
The naming and the numbering of all confounds have been made to 
conform with the current Chemical Abstracts usage* 
The final portion of the literature survey consists of a table 
which is an extension of the con^pilation of known derivatives of 
27 dibenzothiophene made earlier by Nobis^ ' and a con^lete bibliography 
of the published work on dibenzothiophene. The literature was 
covered thoroughly through 19^0, and as conpletely as possible through 
A. Morton, "The Chendstry of Heterocyclic C5on5>o\inds", 
McGraw-Hill Book Coii5)any, Inc., New York, N. I., 19li6. 
on 
R, C. Elderfield, "Heterocyclic Confounds", John Wiley and Sons, 
Inc., Mew York, N. I., 1951, Vol. 2. 
32c. L. Deasy, Chem. Rev.. 32, 173 (19lO)» 
Oilman, ^Organic Ghemistry", 2nd ed., John Wiley and Sons, 
Inc., New Tork, K. Y., 19h3, Vol. 1, p. liS?. 
7 
September, 1951« 
Ifetalatlon Reactions 
A 
The loetalation reaction with a number of polynuclear heterocycles 
has proved to be a valuable method for the introduction of functional 
groups into positions not available by other direct substitution 
reactions. The present review has been restricted to a summary and 
some conparisons of the various metalation reactions which have been 
accoE5>lished with dibenzofurani dibenzothiophene, phenoxathiin, thian-
threne, and dibenzo-^-dioxin. 
The metalation of dibenzofuran and its derivatives has been 
studied more extensively than that of aijy of the other four heterocycles 
or their derivatives under consideration. The results of the varioTW 
metalation reactions of dibenzofuran and its derivatives have been 
thoroughly reviewed by previous workers in these 
laboratories^'^*^'^^*^^'^^'^^ thus making leading references to the 
published literature conveniently available. Consequently, only a 
brief suiomary of the more illustrative metalation reactions of di­
benzofuran will be given. 
A term proposed^^ for those substitution reacticais which involve 
the replacement of hydrogen by a metal to give a true organometallic 
COB^OTmd. 
L* Bebb, Doctoral Dissertation, Iowa State College, 1938* 
J. Webb, Doctoral Dissertation, Iowa State College, 19Ul» 
8 
Direct Bionometalation of dibenzofuran has been shonm to take 
place in the U-position whether the metalating agent is a laetal,^ 
a heavy metal salt like mercuric acetate^^ or thallic chloride,^^ 
19 20 
an organo-alkali conpound, ' or an organo-aetallic coapound such 
as diethylstrontiunr^^ or diethylbarium.^^ One apparent anomaly is 
the metalation of dibenssofuran with ethylaluminua iodides 
4" ^uminum iodide itself to yield| subsequent 
to carbonationj^ 2-diben2ofurancarboxylic acid.^^ IfoweTer^ no acid 
product was isolated on carbonating the loixture fros the reaction of 
dibenzofuran with trieti^iylaluminum. These results were interpreted 
as irslicating that possibly n^talation with the aluainum halide is 
the initial step involved in a Friedel-Crafts type of reaction. 
The explanation of the observation that direct arsonation of 
Uo 
dibenzofuran gives a 2-substituted product aay lie in the fact that 
a substantial though catalytic amoxmt of alufflinum chloride was 
ei^loyed. 
3^. Gilman and R. K. Abbott, J, Chem« Soc.. 6^ 122 (19U3). 
Gilman, E« N. Meals, Q. J, O'Dcamell and L* A* Woods, ibid»» 
6^ 268 (19ii3). 
Gilaan, A. H. Haubein, Q. J. 0*Donnell and L. A. Woods, 
ibid.. 67, 922 (19h5). 
Oiliaan and A. H. Haubein, ibid.. ^  1033 (19U$)» 
C. Davies and C. W. Othsn, £* Ghea. Soc., 1236 (1936). 
9 
Metalation of 2-^tho3cydibenzofuran irith n-butyllithium 
results in substitution in both the 1- and 3-positions, while 
nietalation of 2~hydrox3rdibenzofuran gives only 2-hydroxy-l-di-
benzofuryllithiua.^^ The reaction of UHmethooydibenzofuran with 
n-butyllithiua^*^^ or n-butylsodium^^*gives on carbonation about 
equal amounts of li~Biethoxy-6-dibenzofurancarboxylic acid and 
li-®ethoxy-3-dibenaofurancarboxylic acid, whereas a siiailar reaction 
with U-iiydroacydibenzofuran yields only lt-hydro*y-6-diben2ofuran-
it2 
carboxylic acid, U-Methyldibenzofuran was aetalated by n-butyl-
sodixim to give, subsequent to carbonation, 6-iBethyl-4i-dibenaofuran^-
carboxylic acid.^® 
21 
The initial reaction of 2«broniodibenzofuran with n-butyllithium 
did not form the expected 2-dibenzof\uryllithium by halogen-ioetal 
interconversion but yielded 2-l«*oiao-it-dibenzofuryllithium instead. It 
} 'k 
was shown later, hcwever, that by treating 2-broinodibenzof\iran with 
n-butyllithitim for only a short period of tiiM, excellent yields of 
the 2-dibenzofxcryllithiuiii could be obtained* On the other hand, the 
reaction of 2, 8-dibroiaodibenzofuran with n«butyllithium gave only 
2,8-dibenzofurandicarboxylic acid on carbonation,^ although replaceiaent 
Oilman and R. L. Bebb, J. to, Chem. Soc,. ^  109 (1939). 
Oilman, H. B, Willis, T. H. Cook, F. J. Webb and H. N. Meals, 
ibid., 6^ 667 (19i40). 
Oilman, W. Langham and H. B. Willis, ibid.. 62, 3U6 {19U0). 
WiH. Oilman, H. B. Willis and J. Swialowsky, ibid.. 1371 (1939). 
10 
ll? 
of the n-butyllithiTua with phenylcalcium iodide was f ound to give 
dimetalation with 2,8-dibrorao-J[i,6-dibenzofurandicarboxylic acid being 
the only product isolated. The reaction of 2,8-dibromodibenzofuram 
with benzyls odium or phenylsodium, however, gave only acidic gums which 
could not be purified or identified. 
The dimetalation of 2,8-dibromodibenzofuran with phenylcalcium 
iodide is particularly interesting since the parent dibenzofuran is 
dimetalated in appreciable yields only with the more reactive 
20 
organosodium or organopotassixim conpounds, n-^tyllithium reacts 
with dibenzofuran in ether solution to give l^-dibenzofuryllithium 
alnmst exclusively, althoiigh there is one brief repwt^ that a small 
amount of dimetalation occtirred when the reaction mixture was 
refluxed for periods of four to five homrs. 
The reaction of dibenzofuran with lithium is noteworthy in 
that only ring-ruptwe was observed instead of the expected reduction 
1 ) 
or metalation. When refluxing dioxane was used as the reaction 
medium, a 78^ yield of o-hydroxybiphenyl was obtained after twelve 
hours of stirring. The same reaction proceeded at a much slower rate 
in diethyl ether with a 60^ yield of the o-hydroxybiphenyl being 
obtained after a 36-hour period of shaking in a Schlenk tube. 
li? E. £. Dickey, Unpublished Studies. 
^%ee reference 3k$ p» liO. 
11 
Ifotalatlon studies on dibeneothiophene have not been as extensive 
as those on the closely related dibenzofuran, largely because, with a 
few notable exceptions, dibenzothiophene and dibezizofuran and their 
derivatives have been found to react analagously with organoiKtallic 
reagents* The following survey has been made as conqilete as possible 
in order to bring together in one place the results of all the 
metalation reactions that have been carried out with dibenzothiophene 
and its derivatives and thereby conpile and suppleasent the scattered 
reviews which have been jnade by others#^'^'^^'^^'^^'^^ The reaction 
of dibenzothiophene with n-butyllithium has been shown to yield 
ii-dibenzothiei^llithium in a manner strictly analagous to 
28,lil,li7,U8,li9,50,51,52,53,S34 „ . , x. . dxbenzofuran. **>>*»*»* Monoiaetalatxon xn the 
ii-position was observed also with phenyllithium,^^ cX.-naphtlx!r3.Jlithiuin,^^ 
A, Pacevitz, Doctoral Dissertation, Iowa State College, I9U0. 
^7h. Qilman and A. L. Jacoby, J. Chem., 3^ IO8 (1938). 
L. Bebb, Iowa State Coll. £. Scl,, 1^, Ul (1938). 
L. Jacoby, ibid.. 70 (1938). 
Oilman, F. W. Ifoore and 0. Baine, J. Am. Chem. Soc., 
2h79 (19ia). 
Oilman and C, 0. Stuckwisch, ibid., 67» 877 (19145). 
Oilman and J. F. Nobis, ibid.. llt79 (19145). 
Oilman and S. Avakian, ibid., 68, l5lli (19U6). 
£. Lentz, Uiqiublished Masters Thesis, lonra State College, 191^9. 
12 
n-amylsodium,^ phenylsoditim,^ diethylstrontium,^^ diethylcalcium,^^ 
^ Q 
and diethylbarim. Ho reaction occurred betvreen dibenaothiophene and 
£-anisyllithiuin^^ ca* triphenylmethylsodium.^^ 
The possibility of selective nuclear metalation of aromatic 
coE^ounds in general by the proper choice of organometallic reagents 
was again demonstrated when it was established^^ that the reaction 
of dibenaothiophene with phenylcalcium iodide gave after carbonation 
3-diben20thiophenecarboxylic acid. This result was unexpected and 
in direct contrast to the corresponding metalation of dibenzofuran 
which yields li-dibenzofurancarboxylic acid after carbonation. 
3ja an attei^t to extend the work of Haubein^^ on the aetalation 
of dibenzofuran with aluiainum halides to dibenaothiophene, Nobis^^*^^ 
heated dibeimothiophene with altuBinum chloride, bromide and iodide 
in sealed tubes under a variety of conditions. Ho acid was obtained 
on carbonation of the reaction mixtures. 
Ho mercurial derivative could be isolated when mercuric acetate 
was allowed to react with dibenzothiophene in boiling alcohol. 
However, mercuration appeared to be effected when the calculated 
quantity of jaercuric acetate was slowly added to a melt of dibenzo­
thiophene at Iii0-lii5' since acetic acid distilled from the siixture. 
Qilaan, B. H. Kirby, U. Idchtearwalter and B. V. Xoung, 
Sec. trav. chim., 79 (193o). 
%. Giliaan and J. F. Hobis, J. Ohem. Soc., jjl, 27U (19ii9). 
13 
The compound isolated could not be piirified and was believed to be 
dibenzothienylmercuric acetate contaminated with a dimercurial 
product, because analysis showed a mercury content about 2% too high 
for a mono-derivative. 
The only attempted metalation of a nuclearly substituted 
li6 
derivative of dibenzothiophene was made by Pacevitz# He reacted 
2-bromodibenzothiophene with n-butyllithium in an effort to determine 
whether metalation or halogen-metal interconversion would predominate. 
Only 2-dibenzothiophenecarboxylic acid was isolated after carbonation 
thus indicating that halogen-metal interconversion occuri'ed exclusively. 
The first successful nuclear metalation of a sulfoxide was 
acconplished by treating dibenzothiophene-5-oxide with n-butyllithium 
at -10 The acid obtained on carbonation was established as being 
li-dibenzothiophenecarboxylic acid, thereby showing that reduction of 
the sulfoxide group occurred along with the nuclear metalation. The 
reduction probably was to be expected since ethylmagnesium bromide was 
(TO 
foxmd^ to effectively reduce dibenzothiophene-5-oxide to dibenzothio­
phene, although phe^ylmagnesiura bromide showed no reaction. 
Initial attempts to laetalate dibenzothiophene-$-dioxide with 
59 li-butyllithiuin yielded only acidic gums after carbonation.''^ The 
Qilman and D. L. Esmay, ibid., 73« in press (1951). 
Courtot and C. Pomonis, Compt. rend., 182, 893 (1926). 
Qilman and F. J. Webb, J. Chem. Soc., 71> li062 (19li9)» 
Ik 
60 
use of reduced tenperatures (-20* to -30*) was found to effectively 
control the reaction and permit satisfactory laetalation. If only 
one equivalent of n-butyllithium was used, carbonation gave it-carboxy-
dibenzothiophene-^-dioxide. The use of tiro equivalents of the 
metalating agent gave mostly U,6-dicarboxydiben2othiophene-5-dioxide 
along with aoiae it-carboxydibenzothiophene-5-dioxide, while three or 
more equivalents gave li,6-dicarboxydibenzothiophene-5-dioxide entirely. 
No other successful atteogst at dimetalation of dibenzothiophene or 
any of its derivatives including the oxides has been reported* 
On cos^aring the various metalation reactions of dibenzoftiran 
and dibenzothiophene, it is icunediately {^parent that dibenzofuran 
mist be iK>re susceptible to reaction with organometallic compounds 
than is dibenzothiophene. A few reasons are as follows) (1) di­
benzofuran was readily diiaetalated with n-butylsodiim while n-aiqyl-
sodiua gave only monossetalation of dibenzothiophene, (2) aluminuia 
iodide aetalated dibenzofuran but shoved no reaction with dibenzo­
thiophene, (3) dibenzofuran was readily mercurated, whereas mercuration 
of dibenzothiophene was largely unsuccessful, and (U) the reaction 
of 2-broraodibenzothiophene with n-butyllithium results only in halogen-
Bffital interconversion while the same reaction with 2-broBiodiben2of\u*an 
nay proceed further to give nuclear metalation. Similar observations 
by others led to an attempt to detersadLne the relative activities of 
^This Thesis, p. 95, 
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dibenzofuran and dlbenzothiophene toward metsilation. Dibenzoftiran 
was established as being the laore reactive by three different 
pQ 
procedures. First, only U-dibenzofuranoarboxylic acid was isolated 
flroot a coiapetitlve metalation of a mixture of dibenzofuran and dlbenzo­
thiophene with n-butyllithi\im followed by carbonation. Second, preformed 
ll-dibenzothienyllithium metalated dibenzofuran, whereas preformed 
li-dibenzofuryllithiiua did not metalate dibenzothiophene. Third, separate 
netalations showed dibenzofuran to be metalated more readily than 
dibenzothiophene. The coii5)arisons were later extended to include the 
Si 
related nitrogen-containint^ heterocycle N-ethylcarbaeole, The 
results established that the relative rates of metalation of these 
three coiipounds by n-butyllithium were: 
dibenzofuran dibenzothiophene >N-etl^lcarbazole 
The metalation of phenoxathiin by n-butyllithium in the nuclear 
28 
position ortho to oxygen further established the greater influence 
of oa^gen over sulfur in directing the course of substitution. 
Additional studies again demonstrated the ability of phenylcalcium iodide 
to behave anomalously in metalation reactions. The «cid obtained on 
refluxing phenoxathiin with phenylcalcium iodide in ether followed by 
car bona tion was found to be different from the acid obtained by a 
similar reaction with n-butyllithium. Although the melting points of 
the two acids were in agreement, a mixed melting point showed a depres-
sion. It was reported later that a dibasic acid which was isolated 
S. Avakian, Unpublished Studies, See reference Bk, p. 36. 
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in saall amotmts from a metalation of phenoxathiin with n-butyllithiua 
by the previously mentioned procedure^® was identical with the acid 
from the phenylcalcium iodide reaction since a mixed melting point 
showed no depression. Ho definite conclxtsion can be made on the 
basis of the meager data available* 
A fifteen-iainute period of reaction between 2~broisophenoxathiin 
and n-butyllithium was fo\ind^® to give sufficient 2~phenoxathiinyl~ 
lithiuB to yield 63*7^ of pure 2«phenoxathiincarbo}cylic acid on 
carbonation* Ho report could be found of the use of a longer reaction 
period in order to determine whether a two-stage raetalation might 
occur as was the case with the related 2-bromodibenzofuran. 
Further evidence that oxygen-containing heterocycles are nwre 
easily laetalated than the corresponding siilfur-containing coapounda 
was obtained by a comparison of thianthrene and dibenzo-^>4ioxin.^^ 
Treatiaent of the sulfur coH?)ound with n-butyllithiu» gave largely 
monometalation ortho to the hetero atom together with a small aim>unt 
of dimetalation. The oxygen conpound, however, gave only 1,9-di-
laetalation under the same conditions and consequently most be otore 
readily substituted, llo other metalation studies of thianthrene or 
dibenzo-^-dioxin or their derivatives, including the oocides of 
thianthrene, have been reported. 
17 
Oxidation Reactions 
The oxidation reactions which we were concerned with for piirposes 
of comparison were those involving oxidation of a heterocyclic 
sulfide to a sxilfoxide or sulfone. Consequently, the following 
discussion is limited to dibenzothiophene, phenoxathiin, and thianthrene 
and their derivatives and does not include dibenzofioran or dibenzo-g-
dioxin or their derivatives. 
Dibenzothiophene-5>~oxide has been prepared by oxidation of 
dibenzothiophene with nitric acid,^^*^^*^^'^ chromic acid,^^ 30$ 
6L 6? 66 67 AR 69 
aqueovus hydrogen peroxide, ' ' ' 'chlorine,"" and iodosobenzene* 
Hiydrogen percacide or chlorine, both under carefully controlled 
conditions, appear to be the reagents of choicej both give good yields 
Courtot, L. Nicolas and T, H. Liang, Coapt, rend., 186, 162U 
(1928). 
M. Cullinane, C. Q. Davies and Q. 1. Davies, J. Chem. Soc», 
lit35 (1936). 
^F. Ifiith and B, Putzer, PB L 63936, Enlargement Print of Frames 
lOOli-lOlO of FIAT Mcrofilm Reel C 60, PB 17657, March, 1933. 7p. 
Photo. Ger. ^  p. 568a, #7, May 16, 19U7* 
Chaix, Bull, soc. chim. France, 53» 700 (1933). 
^A. H. Schlesinger and D. T. Mowry, J. Am. Chem. Soc., 73t 26II4 
(1951) 
Oilman and D. L. Esaay, ibid., Th, in press (1952). 
^R. K. Brown, R. G. Christiansen and R. B. Sandin, ibid., 70, 
17i;8 (191^8). 
6%. K. Brown, H. A. Nelson and J. C. Wood, ibid., 7h» in press 
(1952). —^  
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of easily purified sulfoxide. With nitric acid, the conpeting reaction 
of nuclear nitration occurs appreciably, while with chronic acid and 
iodosobenzene, the meager reports concerning their use makes a 
satisfactory coaparison iaopossible. 
22,66,70,71 
Chrostic acid and "^0$ aqueous hydrogen 
52,614,65,67,72 
peroxide * » ' ' both been used successfully to prepare 
diben20thiophen»-5-dioxide from dibenzothiophene. Although Schlesinger 
66 
and Mowry report that they were unable to obtain the dioxide by 
hydrogen peroxide oxidation, other workers have found the i^thod 
eminently satisfactoryi It should be pointed out that two different 
65 67 groups of workers * concluded that the oxidation of dibenzothiophene 
to dibenzothiophene-5-<iioxide with hydrogen peroxide was a stepwise 
liarocess since the ntonoxide coxild be obtained inter]]^diately with proper 
choice of reaction tioie and conditions* 
The number of known derivatives of dibenaothiophene-5-oxide 
is relatively few, whereas there are a large nunfloor of derivatives of 
73 dibenzothiophene-5-dioxide reported in the literature. Ifeuay of the 
latter were prepared indirectly, although in both cases direct 
oxidation appears feasible with any derivative which does not contain 
Stenhouse, Ann.. 156« 332 (1870). 
71c. Oraebe, ibid., IJk, 185 (187U). 
"^^0. A. Martin, Iowa State Coll. J. ^ ., ^  38 (191^6). 
7^See reference 27, p. 25 and This Thesis, p. 
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an easily oxidized or a strongly negative functional group# The 
7I 
report of Neunwyer and Amstutz that 2,8-diacetaiijinodibenzothiophene 
could not be oxidized to the dioxide was later shown to be in error^7,56 
since the sulfone could be obtained quite readily using either hydrogen 
peroxide or sodium hypochlorite as the oxidising agent. &roimf Nelson 
amd Wood^^ were unable to prepare 2-nitrodibenzothiophene-$-dioxide, 
2,8-dinitrodibenzothiophene-5-oxide, or 2,8-dinitrodibenzothiophene-
5-dioxide by direct oxidation. They attributed the failures to 
the ability of the nitro group to effectively withdraw electrons from 
Idle remainder of the molecule and thus decrease the ability of the 
sulfur atom to coordinate with atoms of oxygen. This postulate is 
7< 
supported by the work of Bordwell and Albisetti who found that a 
nitro group in the 3-position of thianaphthene effectively prevented 
sulfone formation. 
The preparation of phenoxathiin~10~oxide has been carried out 
using a mixture of concentrated nitric acid (d.l.l^S) and glacial acetic 
acid (no nuclear nitration reported),or a glacial acetic acid 
solution of phenoxathiin and 30% aqueous hydrogen peroxide, either in 
R. Neumoyer and £. D. Amstutz, J. Chea. Soc., 6£, 1920 (l9it.7). 
G. Bordwell and C. J. Albisetti, ibid., JO,  1955 (I9i48). 
Tomita and T. Ikeda. J. Pharm. Soc. Japan* 58* 780 (in German. 
231) (1938). 
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slight excess^^ or in excess tinder carefully controlled conditions. 
Also, when phenoxathiin was dissolved in cold concentrated sulfuric 
acid and allowed to stand for three hours, one-half of it was converted 
to the monoxide.The reaction apparently is reversible since 
phenoxathiin could be isolated in yields up to 35$ on treating 
phenoxathiin-lO-oxide in the saoe ntanner. 
Phenoxathiin-lO-dioxide was obtained by reacting phenoxathiin^® 
or phenoxathiin-lO-oxide^^ with chromic acid or by treating a glacial 
acetic acid solution of phenoxathiin with hydrogen peroxide. 
Various derivatives of phenoxathiin have been satisfactorily oxidized 
to either the monoxide or ttie dioxide by following procedures similar 
to those above. In contrast to the unsuccessful attempts to prepare 
2,8-dinitrodiben®othiophene-5-dioxide, 3»7-dinitrophenoxathiin was 
readily oxidized to the sulfone.^^ Mautlmer^^ was able to success-
f\illy prepare 2,it-dinitrophenoxathiin-10-dioxide also. 
The c»ddation of thianthrene has been studied quite extensively, 
and all five of the possible oxides have been prepared. Thianthrene-
5-oxide has been prepared by oxidation of thianthrene with dilute 
nitric acid (d. 1.2} in glacial acetic acid solution (no nuclear 
D. K. Drew, J. Chem. Soc.. 511 (1928). 
liauthner, 39, 13i40 (1906). 
D. ABBtutz, J. Chem. Soc., 72, 3li20 (1950). 
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V 80 
nitration reported), with an equivalent anount of chlorine (in 
. 80 
benzene solution with subsequent hydrolysis), or with peracetic 
acid. Two of the three possible isomeric 5»10-dioxides of thianthrene 
82 
were obtained by oxidation of thianthrene with excess chlorine, 
with hot, dilute nitric acid (d. 1.2),®^ or with peracetic acid,^^ or 
by oxidation of thianthrene-5-oxide with excess chlorine, (hcidation 
of thianthrene with chlorine in hot aqueous acetic acid yielded 
80 
thianthrene-S>»5-dioxide, while the 5,5,10-trioxide was prepared by 
oxidation with concentrated nitric acid (d. 1.1;) of either the 5-oxide, 
80 81i 
the 5,10-dioxide, or the V|5-dioxide, Reaction of thianthrene or 
thianthrene~$,10-dioxide®^ with chromic acid, or of thianthrene®^ 
00 
or thianthreno-5>5-dioxide with hydrogen peroxide (30^) gave 
thianthrem-5»5,10,10-tetraoxide. Interesting oxidations of a number 
of derivatives of thianthrene have been carried out following procedures 
used to obtain the desired oxide of thianthrene itself. Again in 
contrast to dibenzothiophene, the tetraoxides, as well as other oxides, 
Fries and W. Vogt, ^ ., 3^ 312 (1911). 
81 n 
J. Boeseken and A. T. H. van der Meulen, Rec. trav. chim.« 55. 
925 (1936). 
Fries andW. Vogt, IjU, 756 (1911). 
Baw, G. M. Bennett and P. Dearns, J. Chem. Soc., 680 (193U)* 
Rl. 
v. Kozlov, E. P. FVuktova and D. M. Sheniyakina, J. Qen. Chem. 
^077 (19liO) /"C. A., ^  li028 (19Ul) J, 
G. A. Martin, Doctoral Dissertation, Iowa State College, J$h$» 
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of 2-nitrothianthrene®^and 2-inethyl-8-nitrothianthrene®^ have been 
prepared. In fact, a survey of the literature reveals no case in which 
an attespt at oxidation of a derivative of phenoxathiln or thlan­
threne was considered upiuccessful due to the nature of the coi^>o\md 
being oxidized. It should be mentioned, also, that no report of a 
successf\il attei&pt at nuclear nitration of phenoxathiln or thlanthrene 
has yet been made (see titration Keactions section of the Historical 
portion of this thesis). 
Halogenation Reactions 
Dibenzofuran is the only one of the five heterocycles being 
considered (dibenzofuran, dibenzothiophene, phenoxathiln, thlanthrene, 
and dibenzo~£-dioxin) which undergoes the usual halogenation reactions 
in a coi^letely nonaal and expected manner. A cocgsrehensive review of 
7 the halogenation of dibenzofuran was made by Willis.' Later studies 
O T 7 ftft 
have served only to broaden the generalizations already worked out."» '* 
ftriefly, direct chlorlnatlon, bronlnation, and lodination of dibenzofuran 
gives the corresponding 2-itionosubstituted or 2,8-disubstituted dlbenzo-
furans in good yields. JDf an acetamino or hydroxy group is already 
present in the dibenzofuran molecule, laonohalogenatlon occurs in the 
Krishna, J. Chem. Soc., 123« 1$6 (1923). 
%. Krishna, ibid., 123, 2786 (1923). 
®®Butt-Hoi and R. Eoyer, fiec. trav. chlm., 67, 175 (I9I48). 
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833310 nucleus, whereas carboo^, nitro, carboiaethoay, and other halogen 
groups give heteronuclear substitution. 
Unfortunately, there is no report in the literatiire of any 
attejipt at direct halogenation of dibenzo-£-dioxin» The prediction 
would certainly be reasonable, though, that monohalogenation would 
yield a 2--derivative while disubstitution would give either the 2,7-
or 2,8-Kllhalo conqpound, or a mixture of both (see Nitration Heactions 
section of Historical portion of this thesis)• 
Thfi reaction of any of the three sulfur-containing heterocycles, 
dibeniothiophene, phenoxathiin, or thianthrene, with free halogens in 
a non-aqueous solvent presents the possibility of coordination of the 
halogen molecule with the sulfur atom to fora a di- or tetra-halide 
addition product. The reaction of brondne with some sulfides takes 
go 
place so readily that it has been used ' as a quantitative method 
for their detenaination. With aryl sulfides, reaction with halogens 
usually ffiust be carried out belcfw 0' in order to suppress the coi^ting 
90 
reaction of nuclear halogenation.' In general, reaction of the sulfide 
dihalides with water yields the corresponding sulfoxide. 
Dibenzothiophene and its \inoxidized derivatives ordinarily \indergo 
nuclear halogenation in a manner analagous to that of 
£. Saapey, K. H. Slagle and £. £. Reid, J. Am. Chea. Soc.. 
lU, 3k01 (1932). 
Cornior in H. Qilsian, "Organic Chemistry", 2nd ed., J^ohn 
Wiley & Sons, Inc., Hew Tork, H. I., 19i;3, Vol. 1, p. 858. 
2k 
dlbenzofuran#^^*^'^^'^^*^ The reaction of dibenaothiophene at 0-5* 
with exactly one mole of chlorine, however, has been shown to yield 
the sulfide dichloride which was readily hydrolyzed to dibenzothio-
phene-5-oxide in 77% yield. As there is no reference in the literature 
to the direct nuclear chlorination of dibenaothiophene, a congjlete 
cotq>arison cannot be mde. 
Broiaination of dibenaoidiiophene-5-dioxide was found to yield 
63 
3,7-dibroiaodibenzothiophene-5-dioxide • 3-Broiaodibenzothiophene-5-
91 dioxide has been prepared indirectly# No direct halogenation of 
dibenzothioptene-5-oxide has been reported. 
&'oirination of phenoxathiin has been shown to yield either 
2-bromophenoxatliiin^®»^^ or 2,8-dibromophenoxathiin.^^ Tte direct 
chlorination of phenoxathiin apparently yields a chlorophenoxathiin 
in which the chlorine atom is not in the 2-position as would !:» 
expected from the res\ilts of direct bromination. The product obtained 
by direct chlorination^^ melts at 81-82* and forms a 10-dioxide melting 
at I78-I79*, whereas the 2-chlorophenoxathiin prepared by heating 
92,9h 
p-chlorophenyl phenyl ether with sulfur arKi aluminum chloride 
XUuminati, J. F. Nobis and H. Gilman, £. Chem« Soc., 
]2$ in press (19^1). 
M* Suter, J. P. McKenzie and C. £. Itaxwell, ibid., 58« 71? 
(1936). 
M. Suter and F. 0. Qreen, ibid.. 2578 (1937). 
^^Qerman Patent 23U,7li3 /"C. A., ^  2912 (1911)J7. 
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laelts at 88-8?® and forats a lO-dioxide melting at 158-159 "• The same 
2-chlorophenoxathiin-lO-dloxide was also obtained by the action of 
95 
aqueotis alkali on 5-chloro-2-hydro3iy-2«-nitrodiphenyl sulfone. The 
It-chLarophenoxathiin has been prepared from o-chlorophenyl phenyl ether^^ 
pQ 
and indirectly I'tdid ir-andnophenoxathiin. It was found to be an oil, 
b.p. 192-193 V7 which on oxidation with hydrogen peroxide gave the 
U-chlorophenoxathiin-lO-dioxidej m.p* lU8-m9*« A c(»^>ound assuiaed 
to be the 3-chlurophenoxathiiu was prepared by heating m-K2hlorophenyl 
phenyl ether with sulfur and alitminua chloride^^i mtp* 59-60* and 
m.p. dioxide 152-153*• However, the coiq)ound could also be th® 1-
derivative, depending upon the route taken for ring closure* 
CI CI 
+S 
Assviaing the conpo\md foraied to be the 3-chlorophenoxathiin, then the 
product of direct chlorination must be the l-chlorophenoxathiin. The 
reverse, however, is certainly possible. If the former is true, then 
the following Table I can be set upt 
A, Kent and S, Smiles, £, Chea. Soc«, 1*22 (193U). 
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Table I 
Melting Points of the Chlorophenoxathlins 
Parent con^joiuui Sulfide m.p* Sulfone ia.p« 
1-Ghlorophenoxathiin 81-82 178-179 
2-Chlorophenoxathiin 88-89 158-159 
3-Ghlorophenoxathiin 59-60 152-153 
ii-Chlorophenoxathiin oil Ili8-ll49 
If the Belting points for the supposed 1- and 3-derivates are reversed; 
we obtain Table III 
Table II 
Melting Points of the Chlorophenoxathlins 
I^ent confound Sulfide sup. Sulfone m.p. 
1-Chlorophenoxathiin 59-60 152-153 
2~Chlorophenoxathiin 88-89 158-159 
3~Ghlorophenoxathiin 81-82 178-179 
li-Chlorophenoxathiin oil lli8-lU9 
27 
Nobis^ has stKnm that, in general, the n»lting points of derivatives 
of either dibenzofuran or dibenzothiophene follow the order 1<2<3>U. 
Extending this relationship to phenoxathiin we see that the order could 
be 1<2<'3>U or lt<3<2>l, depending on whether we start ortho to the 
oxygen or the sulfur. Assuming the order to be l<2<3>kt we observe 
that only the laelting points of the 10-dioxides of Table II are correct. 
Using the order 14<3<2>1, the melting points of the sulfides of both 
Table I and Table II fit satisfactorily, but the melting points of the 
10-dioxidea are in correct order in neither table. The successive 
decrease (or increase) of the melting points of the 10-<iioxides of 
Table I is inconsistent with either order. 
Since the relationships shown in Table II are satisfactory for 
the laelting points of the sulfides in the i4<3<2>l order and for the 
Bieltir^ points of the sulfones in the 1<2<3>14 order, the positions 
thus assigned are perhaps correct. The product obtained from direct 
chlorination would thus be 3-chlorophenoxathiin. In either case, however, 
the direct chlorination of phenoxathiin apparently occurs meta to the 
oxygen bridge and ortho or para to the sulfur bridge contrary to the 
known greater orienting influence of oxygen over sulfur in other 
substitution reactions. The results of direct iodination of 
phenoxathiin would certainly be of interest for comparative purposes, 
as would the resTilts of direct halogenation of Any kind of phenoxathiin-
10~oxide or -lO-^ioxide. In addition, a search of the literature reveals 
that halogenation, with subsequent hydrolysis, has not been used to 
prepare either phenoxathiin-lO-oxide or the 10-dioxide. 
28 
Fries and ?ogt®® have shoim that treatment of thianthrene nith 
chlorine in benzene, with subsequent hydrolysis, yields thisuithrene-
i>-oxide, which, on further treatment with chlorine, gives thianthrene-
$,lCMiioxide} that when chlozlne is added to a hot aqueous acetic 
acid solution of thianthrene, thianthrene~5«10-Kiloxide is obtainedj 
and that passage of the theoretical amount of chlorine into a 
chloroform solution of thianthrene results in nuclear ohlorination 
to produce either 2-chlorothianthrene or 2,8-dichlorothianthrene. 
82 
The sajne workers also found that thianthrene-5jlO-dioxide could be 
prepared directly from thianthrene by treatment with chlorine in 
benzene solution followed by hydrolysis. The only other reported 
halogenation of thianthrene is contained in a patent,the abstract 
of which records that treatment of thianthrene with bromine in 
nitrobenzene gires a dibroraothianthrene* No experimntal details 
or structure proof are included in the abstract# Various derivatives 
86 97 98 
have been found ' ' to undergo similar nuclear halogenation or dir-
halide formation* 
S^Swiss Patent 236,231 /"C. A,, ^  86? il9h9)J 
Rries and E» Engelberta, Ann«, U07» 19lt (1915) • 
Fries, H. Koch and H. Stukenbrock, ibid.^ 1;68, 162 (1929)• 
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Hitration Reactions 
The use of nitric acid for the introduction of the nitro group, 
-N02) into organic cooipounds has been knoum for over one hundred 
99 years and is one of the most useful reactions of organic cheoistry*'^^ 
The nitric acid used may be either dilute, concentrated, or fuming, 
may be either hot or cold, and may be enployed either alone or in 
conjuction with some other reagent. The most commonly used nitrating 
agent is a ndxture of concentrated or fuming nitric acid and concen­
trated sulfuric acid. 
In the aromatic series, the ease of nitration depends upon the 
nature of the group or groups that are already attached to the aromatic 
nucle\is. In general, groups that direct ortho-para facilitate the 
entry of the nitro group (except the halogens which appear to have 
little effect on the ease of nitration), whereas meta-directing 
groups decrease the sxiaceptibility of the ring to nitration. In 
most cases, however, the groups that may be fresent initially are 
Hraited to those that are strongly resistant to oxidation since nitric 
acid is a good oxidizing agent, partieuSbarly when hot and concentrated. 
The nitrations of dibenzofuran, dibenzothiopl^ne, phenoxathiin, 
thianthrene, and dibenzo-p-dioxin present some interesting anomalies 
with exceptions to the above generalizations being almost the rule. 
^%or leading references and a brief discussion of the more 
iB5)ortant methods of nitration, see T. W. J. Taylor and W. Baker, 
"Sidgwick's The Organic Chemistry of Nitrogen", Oxford University 
Press, London, England, 1937» p« 227. 
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Dibenzofuran undergoes the usual substitution reactions of halogenation, 
100 
sulfonation, and acylation in satisfactory yields with the entering 
group taking the eiqiected 2-positi^n (para to the oxygen bridge). 
Hitration, however, unexpectedly occurs in the 3-position^»^^'^®^»^^ 
in yields as high as Q0% with only very small amounts of the 2-nitro 
7.101 isomer being isolated* On dinitration, the second nitro group 
enters the p<»ition para to the oxygen linkage to give 2,7-dinitr6di-
benzofuran as the major product. This is in keeping with other di-
substitution reactions (except metalation) in which tl» second group 
enters the 2--or8-position.* 
Tomita^®^ found that when dibenzo-£-dioxin was treated with 
nitric acid (d. I.li5) in acetic acid solution while cooling witti ice, 
large amounts of 2-nitrodibeniao-p-dioxin were obtained along with 
traces of the 2,7-dinitro derivative, while similar treatment at room 
teii?)erature gave large aaounts of the 2,7-dinitro confound with traces 
of the 2,8-isonier and of 2,3,8-trinitrodibenzo-£-dioxin being isolated. 
Gentle warming of the dibenao-£-dioxin with nitric acid (d. 1.38) 
without the use of acetic acid gave a mixture of the two dinitro 
lOOgge reference 7 for leading references* 
Qilmn, W, G. Bywater and P. T. Parker, J. Am. Chem. Soc., 
il, 885 (1935). ~ 
Borsche and B. Schacke, Ber., ^  2li98 (1923). 
For a theoretical discussion of the anosaal-ous nitration of 
dibenzofuran, with leading references, see reference 27, p. 89. 
Toait^ J. Pharm. Soc. Japan. 551 1060 (1935) /"C. A,, 
31, 6661 (1937)^ "" 
3X 
derivatives, while warming with stronger nitric acid (d. l.ii^) yielded 
only the trinitro co^ound. Further nitration of the TOnonitro product 
gave a mixture of both dinitro con^jounds and the toinitro derivative, 
while similar treat^nt of both dinitro coiqjounds gave the sasse tri­
nitro derivative. Since in all cases the nitro group ente2•'^<i a position 
para to one of the oxygen bridges and meta to the other, it is 
iB;}OSsible to determine whether the nitration was normal or atsiormal. 
The above work is interesting, nevertheless, in that it demonstrates 
how the degree of nitration can be controlled by varying the strength 
of the nitric acid as well as the reaction conditions of solvent and 
teH^jeratxire, 
Dibenzothiophene, in contrast to dibenzofuran, has been found to 
P7 
nitrate normally in the 2-position. * ' * The yields are poor 
(iiO^ or less), however, since the nuclear nitration reaction must 
compete with the reaction involving the oxidation of the sulfide 
linkage to the sulfoxide form* The use of dilute nitric acid and a 
glacial acetic acid solution at room tea^erature gives chiefly the 
sulfoxide, while warming and the use of stronger nitric acid 
increases the yield of 2-nitrodibenzothiophene and decreases the 
yield of dibenzothiophene-5-oxide. Nitration of the mono-nitro confound 
27 ^ 58 
proceeds normally to give 2,8-dinitrodibenzothiophene in low yields. * ' 
Dinitration of dibenzothiophene reportedly^ gave a yield of the 
27 56 
2,8-dinitro derivative, although later workers ' were unable to repeat 
the preparation. 
32 
In accord with the general meta-directlng properties of the 
sulfoxide and stilfone groups, nitration of dibenzothiophen®-S-
6U.68,69  ^ 22.63.68 
oxide and dibenssothiophene-$-dioxlde ' ' yields the 
3- or 3,7-sub8tituted derivatives. The recently reported^^ 
selective reduction of the monoxide derivatives to either the nitro-
or dinitro-sulfide or the amino-or diaaino-sulfide ia of considerable 
importance since it indirectly makes available in good yields 
derivatives of dibenzothiophene substituted in the 3- or 3,7-positions,* 
Mo report has yet been made of a successful direct nitration of 
either phenoxathiin or thianthrene. In all cases, reaction of either 
heterocycle with nitric acid has yielded only sulfoxide or sulfone 
derivatives. When phenoxathiin is treated with a mixture of concen­
trated nitric acid (d. 1.45) and glacial acetic acid at 30-40", 
76 
phenoxathiin-lO-oxide is obtained 9"^% yield.' On heating with 
concentrated nitric acid {d. 1.4) in glacial acetic acid for three 
hours on a water-bath, 2-nitrophenoxathiin (prepared by ring closure) 
104 
is coxjverted to the dioxide. Treatment of 1 g. of l,3-(or possibly 
The only other direct method reported is by the phenylcalcium 
iodide metalatibn of dibenzothiophene (see Metalation Reactions section 
of Historical portion of this thesis). Sjpthetic use of this metalation 
method is severely limited by the poor yields obtained. The amination 
rearrangement of a 4-halodibenzothiophene on treat^nt with sodamide 
in liquid ammonia to give 3-aminodibenzothiophene^^ is the only other 
zaethod of obtaining a 3-derivative by direct substitution. 
Krishna, £. ©jea. Ig^, 2783 (1923). 
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dinitrophenoxathiin (prepared by intermolecular condensation) with 
warm, dilute nitric acid (d« 1.2) gave 0.8 g. of the corresponding 
monoxide. 
The reaction of nitric acid with thiantta-ene presents an even more 
VR 
interesting and more con^lex picture. Fries and Vogt treated 
thianthrene with dilute nitric acid (d. 1.2) in warm glacial acetic 
acid and obtained thianthrene-5--oxide. They also found that a similar 
reaction of thianthrene-5-oxide, 5>5-dioxide, or 5,10-dioxide with 
concentrated nitric acid (d. l.U) gave thianthrene~5«5«10~trioxide. 
The treatment of thianthrene with warm, dilute nitric acid (d. 1.2) 
106 81 
was reported by Krafft and Lyons and by Baw, Bennett and Dearns •' 
to give a mixture of the and ^-isoiasrs of thianthrene-5*10-dioxide, 
Tomita and Ikeda used concentrated nitric acid to obtain thianthrene-
;?,5,10,10-tetroxide. Tlnis all of the possible oxides of thianthrene 
have been prepared by the use of nitric acia except the 5,5-dioxide, 
and in no case was any nuclear nitration reported. It should be 
mentioned that 2-nitro-,^^ 2,7-dichloro-,®^ 2,7-dimethyl-,^^'^^^ 
8 3 97 98 2,7-diiaethoxy-, * ' and 2,3,7»8-tetramethoxythianthrene reacted with 
nitric acid in much the saiae fashion at the parent thianthrene. In 
Aft Ao 
view of the recent successful nitration of dibenzothiophene-5-^xide, ' " 
Mauthner, ^ ll*U (1905). 
^F. Krafft and fi. E. Lyons, ibid.. 29, 10$ (1896). 
Fries and W. Volk, ibid., la, 1170 (1909). 
3k 
the absence of nitrated products in the above reactions is somewhat 
stirprising. The failure of nuclear nitration to occur, however, 
does emphasize the influence that functional groups already present in 
the molecule may have upon the facility with which cosopounds can be 
nitrated. 
Condensation Reactions 
Condensations in the presence of alumintun chloride 
The use of anhydrous aluminum chloride as a catalyst in various 
108 
organic reactions has been adequately reviewed elsewhere, and 
only those reactions of immediate interest will be discussed here. 
In addition, only selected references of major iiiportance are 
included. 
In connection with the heterocyclic types under consideration in 
this work, condensations in the presence ol aluminum cnioriae nave oeen 
carried out to prepare the parent conpound or sii^le derivatives 
either by intramolecular or intermolecular condensations. The de-
109 hydration of 2,?*-dil^droxydiphenyl by aluminum chloride is reported ^ 
to give quantitative yields of dibenzofuran. The aujst satisfactory 
method yet developed for the preparation of dibenzothiophene is by the 
reaction of biphenyl with sulfur in the presence of aluminum chloride. 
n 
C. A. Thomas, "Anhydrous Aluminum Chloride in Organic Chemistry", 
Reinhold Publishing Corporation, New York, N. I., 19Ul« 
E. Hirififel, E. E. Ayling and J. H. Beynon, J. Chem. Soc., 778 
(1937). 
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Yields of and 65-70^^ have been obtained. The use of this 
procedure for the preparation of derivatives of dibenzothiophene has 
2li 
not been successful in all cases j for exao^le, jg-bromodipheoy^l yields 
only a small amount of dibenzothiophene and a large amount of insoluble, 
resinous material. 
Phenoxathiin reportedly has been prepared in yields greater than 
80$ by the reaction of diphenyl ether irlth sulfur in the presence of 
aluiininiim chloride A number of alkyl and halogen derivatives of 
32 phenoxathiin have been prepared by analagous reactions. The reaction 
of diphenyl sulfide or diphenyl disulfide with sulfur in the presence 
of aluminum chloride was foixnd to give 95-lCX)^ yields of thianthrene, 
112 
provided that the proper ratio of reactants was used. Aluminum 
chloride has also been tased as a catalyst for the preparation of 
thianthrene from benzene and sulfur dichloride®^ or sulfur monochloride. 
The only thianthrene derivative prepared in this manner was a diiaethyl 
106 derivative obtained when toluene was substituted for the benzene. 
The use of aluminum chloride for the preparation of dibenzo->£>dioxin 
or its derivatives by condensation reactions has not been reported. 
^^Qerman Patent 579,917 /"C. A., 2^ 10S3 (193U)^. 
For leading references, see C. M. Suter and C. E, Maxwell in 
R. C. Puson, "Organic Syntheses", John Wiley and Sons, Inc., New York, 
N. Y., 1938, Vol. 18, p. 6U. 
Dougherty and P. D, Hammond, J. Am. Chem. Soc., 117 
(1935). 
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Friedel-Crafts type reactions, chiefly acylation types, have 
been carried out successfully with 
diben.ofuran,^'9,113,lli.,ll5,n6,117,118,119 
diben.othiophene,^7'=^^'^21,122 92,123,12h, 125 
thianthrene, 
Qalewsky, 2^ 18? (1891). 
Borsche and W, Bothe, Ber», 1^, 19iiO (1908). 
^R. St&aaer, Monatsh.. Ul (1907). 
^^0. S. Patent 2,033,Sit2 /"C. A., ^  3121^ (1936)J^. 
117 
H* Qiloan, P. T. Parker, J, C. Bailie and Q. £. Brown, J. Aia. 
Cheia. Soc.. ^  2836 (1939). "" 
Mbsettig and R. A. Robinson, ibid.. 2186 (1935). 
H. ICirkpatrick and P. T. Parker, ibid., ^  U23 (1935). 
120 
A. Burger, W. B. Wartman and R, E, Lutz, ibid., 60, 2628 (1938). 
^^^A, Burger and H. W. Bryant, £. 0^, (Siea., li, 119 (1939). 
M. Gullinane, A. Q. Rees and C. A. J. Pliuamer, J. Chea. 
Soc.. 151 (1939). 
123k, Toadta, J. Phara. Soc. Japan, 58, 510 (in German, I36) 
(1938) /"C. A., ^ ,''7hWll93Sjy, 
G, Flowers and L. W» Flowers, J. Am. Chem. Soc., 71, 
3102 (19U9). 
^2%. s. Patent 2,1+80,220 £q. A., Uk2 (1950) J 
SchoU and C. Seer, Ber., Wi, 1233 (l^ll). 
Toiaita, J, Pharia. Soc. Japan, 58, 517 (in German, 139) 
(1938) fc. A., ^ -7ii5rrr93Hr7r^ ~ 
37 
and dibenzo-£-dioxin.^^^*^^^'^^'^^^ The acetylation of dibenzo­
thiophene reflects admirably the difficulties often encountered in 
carrying out Friedel-Crafts type reactions. Gilman and Jacoby report 
the preparation of 2-acetyl dibenzothiophene in 70^ yield by the 
reaction of acetyl chloride with dibenzothiophene in the presence of 
120 
alujainua chloride. Burger, Wartman and Lutz and Burger and 
121 Bryant were unable to duplicate the 70$ yield of 2-acetyldibenzo-
thiophene and obtained in each of many r\ms a mixture of ketones 
from which the 2-isomer could be isolated in only 1$% yields. The 
121 
other ketone was later shown to be U-acetyldibenzothiophene, In 
contrast to the work of both of the above groups, Cullinane, Eees and 
122 Plummer were unable to obtain a mono-acetyl derivative of dibenzo­
thiophene even though various conditions were tried. Later, Nobis^^'^^ 
was able to repeat the work of Oilman and Jacoby obtaining a 1%% crude 
132 
and a UljS pure yield of 2-acetyldibenzothiophene, while Cason 
realized only a 56$ crude yield and about 2$% pure. 
In condensation reactions in the presence of aluiainum chloride 
which involve the evolution of hydrogen chloride, the degree of 
ToMta, ibid., 891 (193)+) /"C. A., 103 (1937)_/. 
Tomita, ibid.. 906 (1936) /"C. A., 31, Mk (1937)J7. 
Tondta, ibid.. ^  k9Q (1938) /"C. A., ^  7^63 (1938) _7. 
^^ernjan Patent 668,875 /"c. A., 5006 (1939) J. 
F. Cason, Doctoral Dissertation, Iowa State College, I9I48. 
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reactivity depends greatly upon the kind of grovsp or groups present 
in the laoleoule donating the hydrogen atom and upon the type of 
lOB 
nucleus to which the halogen is attached. The effects are mch 
the aaaie as those observed in other reactions which inrolve substi­
tution of an aromatic nucleus. In general, positive groups 
facilitate and negative groups inhibit substitution by the replace­
ment of a hydrogen atom. While loost halogen atoras attached to an alkyl 
or cycloalkyl carbon are readily replaced, halogen attached to 
aromatic nuclei enter into Stiedel-Crafts type reactions only if 
situated in "active" positions. An excellent exaiqjle of the 
combination of the above two reqrxisites is found in the recent work 
133 
of niuminati and Gilman in which resorcinol and U-chlororesorcinol, 
each of which contains two strongly positive hydroxyl groups, were 
condensed in the presence of alundnum chloride with various hetero-
cycles containing "active" halogens such as 2-chloroquinoline, 
i4,7'^ic^o^oquinoline, and 2-chlorobenzothiazol6. In line with the 
OH 
CI OH 
AlCl, 
4 I ^ 
CI 
HCl 
133 
G. lUuEdnati and H. Gilman, J. Chem. Soc., 7U, in press 
(1952). This paper contains leading references to earlier exaiajjles of 
condensations of this type. 
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general deactivating influence of halogen substituents towards further 
substitution of aromatic rings, the reactivity of U-chlororesorcinol 
was found to be less than that of resorcinol* These eacperiisients 
indicate that, with proper activation of the coi^onente involved, 
Friedel-Crafts types of reactions can be satisfactorily carried out 
with only aromatic (or heterocyclic) systems being involved. 
Condensations of phenols with aldehydes 
The condensation of phenols with aldehydes in the presence of 
basic or acidic catalysts has found extensive use both for the 
preparation of phenolic resins and for the preparation of the inter­
mediate phenolic benzyl alcohols and phenolic diarylmethanes* 
Excellent reviews have been published elsewhere.^^^*^^*^^^*^^ Tl» 
following reactions serve to illustrate the stepwise nature of the 
condensations t 
H. Baekeland and R. L. Bender, Ind. Chem.« 17* 225 
(1925). 
S, Granger, ibid., UU2 (1932). 
S. Granger, ibid.. ^  1305 (1937). 
S, Carswell, "Rienoplasts", Interscience Publishers, I?ic., 
Hew York, N. T., 19li7. 
liO 
H-iG 
HO 
-I- ECHO ci^ ® C%OH 
H3C H3C 
CH3 
HO 
-CHgOH -I- OH cat. ^ 
HO 
H3C CH3 
OH -h H2O 
Both acids and bases have been used to catalyze the reaction. Bases 
are generally to be preferred for the preparation of the alcohol or 
dlaryliaethane derlvatlres because the reaction is store easily con­
trolled, i»e., the final resinification step proceeds awre slowly. 
The excellent antiseptic properties exhibited by phenols in 
general"^ have long been knomi. Hexachlorophene, 2,2*-dihydroxy-
is an exa]q)le of a 
polyhydroxydiaryliaethane which has recently achieved considerable 
139 inportance aa a useful bactericide. The incorporation of a 
For a coB^jrehensive review of the relation between the structure 
and bactericidal action of phenols, see C. M. Suter, Cheia, Hev., 28, 
269 (1910.). 
John, J. Pharm. Assoc. Prac. Pharm. Ed., 10, kQQ (19li9). 
hi 
heterocyclic nucleus as the aryl portion of the nralecule in various 
polyhydroxydiarylmethanes would certainly be of interest since 
dibemothlophe„,.li3.^ 5,li.6,al.7.11.e,li? 
^ thiantbren. to 
B. Eddy, J. Pharmacol. Exp. Therap.^ $8, 1$9 (1936). 
M. Phatak and C. I>, Leake, ibid>, $8, 155 (1936)» 
^2u. S. Patent 2,191,860 £g. A., 3U, U528 (19U0)^. 
E. Sraith and R. Ifelvin, J. Boon. Entomol., 36, U75 (19U3)* 
P. Lindtuska, F. A. Morton and W. C. ifoDuffie, ibid.« 
a, 143(191*8). 
e. Fink and L. E. Sndth, ibid., 8oU (1936). 
E. Smith, E. H. Siegler and F. Hunger, ibid.. 31^ 322 (1938). 
C. Buchland and V>', V. King, U. S. Dep. Agr., Bur. Entoaol. 
Plant Quarantine, E"585, 15 pp«» 19it3* " ~ 
E. Dudley, T. E. Bronson and F. H. Harris, ibid., &-651, 
10 pp., 19U5. 
F. Cross and F. M. Sr^yder, Soap Sanit. Chemicals, /"2 7 
135 (19U9). 
E. Smith, Chem., ii99 (19U2). 
151 
T. Irie, Bull. Inst. Pl::^ys. Chem. Research (Tokyo), 20, 150 
(19U1) Z"C. A., 3^r288l^9U2)y. 
E. Smith, U. S. Dep. Agr.« Bur. Entomol. Plant Quarantine, 
E-580. li pp., 19U2. 
S. Telford, J. Econ. Entomol., 38, 573 (191*5). 
^^^F. M. Snyder and F. A. Morton, ibid., 39, 385 (191*6). 
k2 
Iii3,l55 
and dibenzo-£-dioxin and certain of their derivatives have been 
shown to possess the power to kill various organisms. However, no 
diarylmethaaie derivatives of any of the five heterocycles have been 
reported in the literature. 
Condensations with organometallic compounds 
The synthetic possibilities of the reaction of an organ(»>etallic 
conipound with a Jhalide to obtain coupling of the two organic radicals 
1^6 
were demonstrated and reviewed recently. Satisfactory yields were 
reported in laost of the cases studied. For example, an 83>£ yield of 
1-n-butylnaphttialene was obtained from the reaction of l-bromonaph-
thalene with i^butyllithium. The treatment of Qrignard type reagents 
with cupric chloride to yield bis-type coupled products was found 
feasible a n\imber of years ago^^^ and was later^^^ studied extensively 
and found applicable with a large variety of types where R laay be 
R'S-, R'glf-, or R'-CH^CH-, but not R'O-, in addition to the lawre usual 
saturated i^drocarbon radical. 
Okada aM S. Fuse, Japan. J. Ited. Soi. IV. Phari&acol. Trans., 
2, 9 (1936) / £. A,, 8021 Tim)J. 
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C. 0. &>aimen. Doctoral Dissertation, Iowa State College, 1951* 
Krizewsky and E. £. Turner, J. Chem. Soc., llg, S59 (1919)* 
Gilman and H. H. Parker, £. Chem. Soc., U6« 2823 (192U}. 
U3 
In view of the above results, it was not too surprising to find 
that bi-dibenzofuryl derivatives have been isolated as by-products 
from reactions involving the corresponding organometallic conqpounds. 
Bi-(6-iaethoxy-U-dibenzofuryl) was isolated from the oxidation of the 
reaction Mixture obtained by treating U-methoxydibenzofurun with 
n-butyllithiiaa, and bi-(ii-dibenzofuryl) was found present after a 
2X 
sindlar oxidation of U'-dibenzofuryllithiuia. Bi-(2-dibenzofuryl) 
was obtained in 1.5$ yield from the reaction of 2-dibenzofuryl-
magnesium bromide with ethylene oxide which gave 2-^hydroxyethyl-
7 159 dibenzofturan as the main product* ' The above tiuree 
bi-derivatives, along with bi-(3~dibenzofuryl), were also prepared 
satisfactorily by coupling of the corresponding magnesium bromide 
derivatives in the |:re8ence of cupric chloride. 
Kb record of similarly coupled derivatives of dibenzothiophene, 
phenoxa'ttiiin, thianthrene, or dibenzo-£-dioxin could be found. 
Rearrangement Reactions 
The Hofmann reaction has found extensive use for the conversion 
of various amides to the corresponding amines containing one less 
T Aft 
carbon atom by treatment with bromine (or chlorine) and alkali, 
B. Willis, Iowa State Coll. J. ^ 98 (19U3). 
S. Wallis and J. F. Lane in R. Adams, "Organic Reactions'*, 
John Wiley and Sons, Inc., Mew York, N. T., 19U6, Vol. 3» P* 26?. 
hh 
In general, the reaction is applicable to the preparation of asdnes 
from amides of aliphatic, aromatic, arylaliphatic, and heterocyclic 
160 
carboxylic acids. Wallis and Lane state, "Little use has been 
mde of the HofmannJ7 reaction in the degradation of amides cotK 
taining a five-aembered heterocyclic ring attached to the carbonyl 
group". The tm exan^les that they do list are concerned irith 
derivatives of pyroUidine, piperidine, pyridine and quinoline. 
No mention is made either in the tables or in the text of Hofmann 
reactions involving coiapounds in which the carbonyl group is attached 
to the benzene ring of a fused~ring heterocycle. A few such exaa^les 
are knowni the most pertinent of which are listed below. 
In 193h, Bywater reported the use of the Hofmann reaction for 
the preparation of li-aminodibenzofuran in 33*2% yield.^'^^^ ^ 
modifying the iisual procedure for the Hofmann reaction somewhat, yields 
of U-aminodibenzofuran as high as $6,7% have been obtained. 
These yields of U-aminodibenzofuran conqsare very favorably with those 
of 16.5>E obtained by fusion of U-bydroxydibensofuran with ammonium 
chloride in the presence of zinc chloride,^ of by the Bucherer 
6 
reaction, of by amination of it-bromodibenzoruran with sodamide in 
liquid ammonia,^ of 17JS^ and $0-60^^ by heating ii-bromodibenzofuran 
with asaaonium hydroxide and cirrous bromide at 190-200* (bomb method), 
and of TS.UjS (based on the amount of dibenzoftiran actually used, with 
"Si. Gilman and P. R. Van Ess, J. Chem. Soc., 6^ 1365 (1939)* 
U5 
12% of the starting dibenzoftiran being recovered) by the reaction of 
7 
li-dibeniEoftiryllithixua with (Xfiaettv^lhydroxylaiiiine. 
U-Aminoptenoxathiin has been prepared from U-phenoxathiincarboxylic 
28 
acid amide by B»ans of the Hofmann reaction in yield, and by 
the reaction of oC-methylhydroxylandne with U-phenoxathiinylllthiTia 
in 70*6$ yield (based on the amount of (TC-methylhiydroxylaiBine used with 
2d 57 g» of an initial 8I4 g, of phenoxathiin being recovered). 
The use of the Hofmann reaction has recently^^'^"^ been extended 
to include the preparation of ii>aminodibenzothiophene flrom 24«<libenzo~ 
Sli thiophenecarboijylic acid amide. The yields varied frosa 23$ to 
1(8.0^. The U-aMnodibensothiophene had been previouslly prepared 
in 2S% and 35^ yields by the use of the Bucherer Reaction and the 
andnation with amaoniuoi hydroxide and cuprous broiside in a steel bomb, 
respectively,and in 614^ yield by the reaction of li-dibenzothieny-
53 Hithium with <X.-^thylhydroxylaiaine (the yield being baaed on tlw 
aiaount of cj^^^thylhydrojqrlajaine used with 30 g. of an initial 78 g» of 
dibeiizothiophene being recovered). The yields of U-aminodibenzo-
thiophene obtained by the Hoftoann reaction are thus at least equal 
to those obtained by other procedures. 
Ho report could be found of the use of tlw Hofmann reaction for the 
preparation of any amine dezdvatives of thianthrene or dibenzo-2^oxin. 
In view of the success that attended the above cited uses of the 
Hofmann reaction with similar heterocycles, no difficulties should be 
encountered in extending the reaction to the carboxylic acid amides of 
thianthrene and dibenzo-jg-dioxin. 
k6 
On coEparing the above discussed preparations using the Hofmann 
reaction, the yields of U-aminodibenzofxiran are the highest with those 
for ii-amnodibenzothiophene and li-aioinophenoxathiin being about equal 
to each other and soioe 20^ less than the yield of li^aminodibenzofuran* 
It would be interesting to be able to include thianthrene and dibenzo-
£-dioxin derivatives in the coaparisons. 
Reduction Beactions 
The literature concerning reactions that may be considered as 
reducir^ in type is obviously too voluainous to permit any extensive 
review# Even if the field is liniited only to reduction reactions 
carried out in the presence of an added catalyst, the wealth of 
material available precludes any atteagjt at a coaprehensive coverage. 
Consequently, it was deemed advisable to lindt the present survey to 
those phases of catalytic reduction directly related to the problems 
investigated dxiring the course of this work. 
Reductions with Raney nickel 
In twenty-four years since M. Raney patented a process for the 
activation of nickel by alloying with aluBdnum md then dissolving out 
162 
the aluisdnuffi with sodixm hydroxide, Raney nickel has become one of 
s. Patent 1,628,190 /"C. A., n, 2116 (1927)J. 
hi 
our most valuable catalystsparticularly in hydrogenation 
„l65 
reactions. As early as 1938 it was pointed out that the hydrogen 
adsorbed by the Raney nickel during its preparation made possible 
the hydrogenation of a large number of compounds without the use of ary 
additional hydrogen. Of particular interest was the report made the 
following year that on agitating Raney nickel with various sulfur 
containing compounds in aqueous or alcoholic solutions, the sulfur 
was removed as nickel sulfide. 
CH2SHCH2SH + 2Ni > GH3CH3 + 2NiS 
This work was later extended^^'^ to include a larger number of 
representative organic sulfur confounds, and it was reported that 
benzene containing thiophene and methylthiophene gave a negative test 
with sulfuric acid and isatin after treatanent with Raney nickel. It 
should be noted, however, that in studies on the removal of prepared 
sulfur compounds ft-om petroleum by use of a nickel catalyst, 
Berkiaan, J. C. Iforrell and 0. Egloff, "Catalysis", Reinhold 
Publishing Corporation, New York, N. Y., I9I4O. 
W. Lohse, "Catalytic Chemistry", Chemical Publishing Co., 
Inc., Brooklyn, N. Y., 19h5» 
Bougault, E. Cattelain and P. Chabrier, Bull, soc. chim. 
Prance. 1699 (1938). 
Bougault, E. Cattelain and P. Chabrier, Compt. rend., 
208. 657 (193^. 
Bougault, E. Cattelain and P. Chabrier, Bull, soc. chim. 
France. 7, 781 (19ltO). 
U8 
found it necessary to add hydrogen in order to remove 
thiophene. 
170 
In 19h3 Hozingo and co-workers reported the use of Raney nickel 
for the hydrogenolysis, in the absence of added hydrogen, of a number 
of sulfur coripounds. Of particular interest was the isolation of 
benzene in 65 to 1$% yields when diphenyl sulfide, diphenyl sulfoxide, 
and dipher^l siilfone were subjected to the hydrogenolysis since the 
series includes tsro co^o|inds which contain oxidized sulfur* 
171 WoLCrom and Karabinos were the first to apply the Raney nickel 
des\ilfurization technique to the preparation of 1- and 2'»desoxy 
sxigar alcohols. It was formd that the preparation of the required 
mercaptal of the desired sugar was readily accooplished, and that 
the subsequent desulfurization cotild be effected in acceptable, and 
172 173 17ii 
often excellent, yields* Later workers ' ' have refined the 
C. Elgin, G. H. Wilder and H. S. Taylor, Ind. Eng. Chem*. 
^ 128it (1930). 
C. Elgin, ibid*. ^  1290 (1930). 
Ifozingo, D, £* Wolf, S, A, Harris and K. Folkers, J. Am. 
Chem* Soc., ^  1013 (19U3)» "" 
L. Wolfrom and J* V* Karabinos, Ibid.. 66. 909 (19lili). 
N. Bollenback and L. A* Underkofler, ibid*. 72, 7Ul (1950). 
K* Eichtmyer and C. S. Hudson, ibid*. 72, 3880 (1950). 
^^^* Zissis, N* K* Richtinyer and C* S* Hudson, ibid*. 72, 3882 
(1950). 
For a recent review of Raney nickel de8\ilfurization, see J. F* W* 
McOmie. Ann* Repts* on Progress Chem* (Chem* Soc. London). U5. 198 
(19m. 
h9 
technique and extended the nuBi>er of cospounds deaulfurized euccessfuUy. 
It should be mentioned that the desulfurization of thioa^setals has not 
been confined to sugar derivatives, but has been shown to be applicable 
175 
also as a n»ans of reducing oC- and ^ -ketoesters. For exa3i5)le, ethyl 
acetoacetate was converted to ethyl butyrate in 7k% yield by first 
formir^ the thioacetal then desulfurizing with Raney nickel. 
The first authentic report of the elimination of sulfur from 
a thiophene by nickel was made by Blicke and Sheets in 19U6, 
The structures of two isomeric thian^htheneacetic acids were 
established by the reductive desulfurization technique since 
if-phex^lbutyric acid was obtained in good yield from thianaphthene-
2-»acetic acid, while the thianaphthene-3~acetic acid was converted 
177 
into ^-^henylbutyric acid. In subsequent studies it was foimd 
that when thianaphthene, several substituted thianaphthenes, dibenzo-
thiophene, and a few derivatives of thiophene were treated with Raney 
nickel, the nuclear sulfur atom was replaced by hydrogen, and a single 
benzene derivative which contained a saturated side chain was formed. 
Under their experimental conditions dibenzothiophene was desulfurized 
to give a 97*5^ yield of biphenyl. They concluded that the process 
seemed to represent a siaple procedure for the determination of the 
17%. S. Newman and H. M. Walborsky, Ibid.. 72, ^296 (19^). 
F. Blicke and D. Q. Sheets, ibid.. 70, 3768 (19U8). 
f, Blicke and D. Q. Sheets, ibid.. 71, i*010 (19)49). 
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struotiires of derivatives of the several heterocycles. 
Ho literature report could be found on the use of the 
reductive desulfurization technique with Raney nickel for the pxirpose 
of cleaving the hetero ring of phenoxathiin, thianthrene, or their 
derivatives. 
Reductive dehalogenation reactions 
The removal of a halogen atom, or the substitution of another 
group for a halogen atom is a common operation in experimental organic 
chemistry. Excellent of the laboratory methods 
for dehalogenation make unnecessary any atteinpt at a critical survey 
here. 
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The term "reductive debromination" was recently used to 
describe the reaction in which a taromine atom was replaced by a 
hydrogen atom. In general, the replacement of any halogen atom by a 
hydrogen atom may be called "reductive dehalogenation", and the 
following brief survey includes selected references to reactions of 
T *7A 
Lassar<»Cohn, "Arbeitsmetiioden ffir Organisch-chemische 
Laboratorien", Verlag von Leopold Voss, Leipzig, Germany, 1923, Vol. 
2, p» 
179 R. Stoermer in J* Houben, "Die Msthoden der Organischen 
Chemie", Verlag Georg Thieme, Leipzig, Germany, 1925, Vol. 2, p. 355* 
^°R. Kenipf, IM., 1930, Vol. 3, p. 1215. 
Theilhffiimer, "Synthetische Methoden der C^ganischen Chemie", 
Kargel AG, Verlag, Basel, Switzerland, I9I46 et al., in all volumes 
under the symbol HCiTHal. 
Gilman, D. L. Esmay and H. K. Ingham, J. Am. Chem. Soc»> 73« 
li70 (1951). 
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this type with special attention being placed upon those carried out 
in alkaline ii»dia in the presence of a metal catalyst. 
Some of t^e agents used to effect reductive dehalogenation are: 
zinc dust with water, alcohol, acid, or alkali} iron with water, acid, 
or alkaliJ copper with aqueous alcohol; magnesium (via the Qrignard 
reagent) and water| aluminum chloride with alkali or silver oxidej 
various metal couples or amalgams with water or alcoholj hiydrazine 
with potassium hydroxide solutionj aniline derivatives} and hydrogen 
over metal catalysts such as platinum, palladium, and nickel. Most 
of the exanK)les cited involve the use of a catalyst and hydrogen. 
Although the hydrogen may be added as such, it is q\d.te commonly 
obtained by oxidation of a hydrogen donor present in the reaction 
mixture. That a source of hydrogen is necessary can be deduced from 
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the work of UUman and Bielecki who found that when picryl chloride 
was treated with copper in toluene, only hexanitrobiphenyl was 
16U isolated, utoereas later workers showed that treatment of the same 
chloride with cqpper in ethanol solution gave trinithrobenzene. 
One of the early examples of reductive dehalogenation was the 
reaction of carbon tetrabromide and carbontetraiodide with potassium 
ethylate to give bromoform and iodofwra, respectively. The replaced 
Ullman and J. Bielecki, Ber., 2177 (1901). 
^®^German Patent 23it,726 PChem. Zentr.. 82, 176? (1911)_7. 
$1 
bromide or iodide ion iras recovered as the potassium salt, and 
acetaldehyde was also isolated* Later vork along this same 
Ii^gl85,l86 that the ease with which a halogen atoa could be 
replaced depended not only upon the halogen atoa present, but also 
upon the type of other sutatituents attached to the molecule being 
dehalogenated* The groups most effective for the facilitation of the 
reaction were found to be those which contained a double bond, 
(in order of increasing effectiveness) •COOAlkyl, •OO, 
and -NOg* A novel iiK>dification of these general ideas was made 
recently^^^ when it was reported that copper powder in molten benzoic 
acid could be used to reductively dehalogenate picryl chloride, 2,14-
dinitrochlorobenzene, and and £-chloronitrobenzene« Although 
no experiiaental proof was offered, Smith^^^ postulated that the iydrogen 
needed came from the carbooiyl goup of the benzoic acid. 
Sodium and aioyl alcohol were used to acco^lish reductive de-
X68 halogenation in the phenazine series, but the use of higher mole-
ciilar weight alcohols in such reactions spears to have been very 
Schmidt, W, von Knilling and A. Asoherl, Ber., 59> I876 
(1926). — 
1 ft A 
M. 7. Sidgwick, "The Chemical Eleis^nts and Their Compounds**, 
Oxford University Press, London, England, 1950, Vol. 2, p. 1189. 
T. Smith, J, Chem. Soc.. 71, 2855 (1949). 
Wieland, B«p., 1^1, 31^78 (1908). 
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limited, Vfater, aethyl alcohol, and ethyl alcohol are the siost often 
used when an hydroxyl oontaixiing con^jound is to be used as the hydrogen 
source. The ease itith which reductive dehalogenation was acconplished 
«|Po 
when highf-toiling (21(0-290") glycols were used as the reaction medium 
stiggests that the substitution of such glycols for the lower-boiling 
alcohols might prove beneficial. 
Derivatives of Dibenzothiophene 
Tables III, 17, and ? are an extension of the compilation of kncom 
27 derivatives of dibenzothiophene prepared in 19U8 by Nobis. In the 
tables are entered all dibenzothiophene derivatives with the 
appropriate references which were not included in the earlier work. 
Also, entries have been made for additional references found to various 
coapounds already listed in Nobis' table. No atteiapt was made to 
include in the survey fused ring or reduced ring derivatives of 
dibenzothiophene. The literature was covered thoroughly through 1950 
and as coapletely as possible through September, 1951, 
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Table HI 
Derivatives of Oibenzothiophene 
Hame of Coa^oimd lt.P. Reference 
MOHOSUBSTITUTID DIBENZOTHIOPHEHES 
2-AcetaHd.nodibenzothiophene 181-3 (49,53,58,189) 
3"-Ace taminodibenz 0 thiophene 199-200 (68,190) 
4-<AcetaEdnodiben2othiophene 198 (49) 
2-Acetoxydibenzothiophene 114 (64) 
2-Acetyldiben2othiophene 111-2 (27,49,124) 
(132,191) 
2-Acetyldibenzothiophene oxime I6l-4i (56) 
2-i«Aiainodibenzothiophene 132 (27,53,56) 
(64,121) 
3<>AiBinodibenzothiophene 121.5-
22 
(64,68,91) 
4-'Aiainodibenzothlophene no (49,54,192) 
Benzyl 2-dibenzothienyl ketone 100 (88) 
2~Broinodibenzothiophene 127 (46,88,91,121) 
Eagle and A, J« Carlson, J. Pharmacol. Exp. Therap., 99t liSO 
(1950). " 
C. Miller. J. A. Miller, H. B. Sandin and R. K. ft'omi. Cancer 
Heaearch. £, 50I4 (1949). 
S. Patent 2,499,186 /"c. A., 4^ 5393 (19$0)J» 
^^^This Thesis. 
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Table III (Continued) 
Hame of Conpoimd U.P. Reference 
3-Brom)dibenzothiophene 100 (27,91) 
U-Bromodibenzothiophene 83-li (it7,192) 
n-Butyl i^-dibenzothienyl ketone 116-7 (192) 
U-Carbomethoaydibenzothiophene 95 (27,37,U9,52) 
(121) 
2-Decanoyldibenzothiophene ii9 (193) 
2-Decyldibenaothiopherw b.p., 289-90/ 
18 offl* 
(19U) 
£-(2-Dibenaothenoyl)benzoic acid 120-5 m 
^-(2-Dibenzothenoyl)propionic acid l6o»5~6l (h9) 
T-(2-Diben2othienyl)butyric acid 131 m 
ii-Dibenzothienyl diazoraethyl ketone 161-2 (195) 
l-( 2-.Dibenzothienyl)-3-(£-diinethylainino-
phenyl) -2«propene-.l-one 163—ii- (196) 
2-(2-Dibenzothienyl)-l,2-diphenyle thylene 150' (88) 
l|.-i)ibenzothienyllithiuEi (53,5U,192) 
^^^Buu-Hol, P. Cagniant and R. Royer, Rec. trav. chim., 68, kTi 
(19ii9). 
Ph. Buu-Hol and R. Royer, ibid., ^  861 (1950), 
Gilnan and S, Avakian, J, Chem. Soc., 210it (191^6), 
196 
^ H. Gilman and L. F. Cason, Ibid., 72, 3k69 (1950). 
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Table III (Continued) 
Hame of Con^oxind lU?* Reference 
2-(2~Dibenzothienyl)-2-iaethylcin^honinic 
acid 312 (197) 
2-(2-Dibenaothienyl)-2-inethylquinoline 11+9 (197) 
2-Dibenzothienyl ^-phenyl-^-(3-acetaniido-
ii-methoxypjienylsulfonyl)ethyl ketone 175-7 (196) 
1-(2-Dibenzothienyl)-3-phenyl-2-propene-
1-one l5Ii-5 (132,196) 
2-Dibenzothienyl ^-phenyl-^-(£-tolyl-
sulfonyl)ethyl ketone 180-2 (196) 
2-Diben2othienyl o-tolyl ketone — (198) 
li-Dibenzothiopheneacetic acid I6l»5- (195) 
2:5 
U-Dibenzothiopheneacetamide 205-6 (195) 
i»-Dibenzothiophenecarboxamide 250-1 (5Ii#67,192) 
2-Dibenzothiophen0carboxylic acid 255 (1;6,199) 
3-Dibeazothiophenecarboxylic acid 300-5 (1^7»192) 
li-Dibenzothiophenecarboxylic acid 261-2 (37#50,5U,57) 
(67,192,195) 
li-Dibenzothiophenecarboxylic acid chloride 159-160 (5U,192,195) 
^^^Buu-Hoi and P. Cagniant, Bull, soc« chia« France, 123 (19li6). 
9^8yi.ench Patent 6lli,959 /"Chem. Zentr., 100. 797 (1929) J. 
R. Burtner and Q. Lehman, J. Chem. Soc., 62, 527 (19^0)• 
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Table III (Continued) 
Name of Compaand M.P. Reference 
2-Diben2othiophenesulfonic acid 172 (25) 
2-Dibenzothiophenestjlfonyl chloride mi (120) 
Ethyl ^ 2-dibenzothenoyibenzoate 105-6 ik7,h9) 
2-Heptanoyldibenzothiophene 65 (193,197) 
2-4Ieptyldibenzothiophene b,p.,258/ 
18 m* 
m) 
2-^droxydibenzothiophene 156 (27,61^,200) 
(201,202,203) 
U-Ifydroxydibenaothiophene 167 (U9,51i) 
2~(«6*Hydroaqrethyl)dibenzothiophene 61-2 (12ii,191) 
2-Uethoxydibenzothiophene 170 m 
li-Methoxydibenzothioptene 123 (i*9,53) 
2-%r is toyldibenzo thiophene 63 (193) 
2-Nitrodibenzothiophene 65 (li7,56,6it) 
3-Nitr6tiibenzo thiophene 153^ (69) 
2-Octanoyldibenzothiophene 78 (193) 
2-Octyldibenz othiophene b*p*,280—5/ il9h) 
20 nun. 
^Qerman Patent 591,213 /"C. A., 2366 (193U) J* 
^^ %erman Patent 593,506 /"c. A., 3I422 (193i») J, 
3, Patent l,997,7kk /"c. A., 3853 (1935) J. 
2%, S, Patent 2,1479,513 /C. A., h^, 9i»32 (19li9) 
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Table III (Continued) 
Hane of Conpoiind H.P. Reference 
2-Phenylacetyldibenaothiophene 100 (88) 
2>Pheni7lacet7ldibenzothlophene oxime 11^9 (86) 
2-Kienylacetyldibenzothiophen© semi-
car bazone 205-6 (88) 
3-Phenyl-2-(2-dibens5othien3rl)cinchoninic 
acid 2U5 (88) 
3-Phenyl-2-(2~dibenzothienyl)quinoline 206 (88) 
x-Phex^ldibenzothiophene —- (71) 
2-(c<-Phenylstyrl)dibenzothiophene l50 (88) 
2-Propionyldibenzothiophene 72-72.5 (197) 
2-Suceinyidibenaothiophene 158-9 (k?) 
2-Tetradecyldibenzothiophene 52-3 (19ii) 
2-Triiaetiln3rlsilyldibenssothiophene UB»2-h9*2 (91) 
3-Trifflethylsilyldibens5othiophene 103«5-i4«5 (91) 
li-Trimethylsilyldibenzothiophene b,p.,135-7/ (20U) 
0*8 am, 
U-Triphexiylsilyldibenzothiophene 193-ii (27,20li) 
DISUB3TITUTED DIBEHZOTHIOPHESES 
3-ABdno-it«®ethoxydibenzothiophene 132-3 (53) ' 
20U. H. Gilman and J. Nobis, J. Am. Chem. Soc*, 7^ 2629 (19S0). 
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Table III (Contimaed) 
Haiae of CoEpound M.P. Reference 
l-Bromo«4-acetaBiin.odiben2othiophene 251t (U9) 
l-Ghloro-4i-hjrdro:iQrdibenssothiophene 195-6 (54) 
2-Decyl-B-propionyldibenzothiophsne b.p.,315-20/ 
15 ma. 
(19U)-
2,8-Diace taiainodibenz othiophene 3014-5.5 (56) / 
2,8-Diacetyldibenzothiophene 208-9 (56,122,191> 
2,8-Diacetyldibenzothiophene oxime 272 (56) 
2, 8-Diaiainodibenzothiophene 199.5-
201.5 
(56) 
3,7-Diaminodibens50thiophene 169-70 (69) 
2,8-IM.broKodibenzothi ophene 229 (182,192,203)-
1, ii-Klhydr odilwnzothi ophene 76 i2k,k7,k9) 
ljU-Dihydrodibenzothiophene picrate 105 (2h,h7,h9) 
l,l4-Dihydro-l,U-dibenzothiophenequinone 80-5 (205) 
2,8-Dihydroxydibenzothiophene 278-9 (203) 
2, 8-DiBiethyldibenzothi ophene 287-8 (206) 
2,8-Dinitrodibenzothiophene 32ii-5 (56) 
3,7-Binitrodibenaothiophene 35U-6 (69) 
HiMberg, Ber., 2008 (1923). 
Fuchs and P. Qrosa, Ibid.. 1009 (1930). 
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Table III (Continued) 
Hame of Cospound M.P. Reference 
8-Ethoxy-2-acetaiaidodibenzothiophene 195«5- (207) 
6,5 
8-Ethoxy-2-ajainodibenzothiophene 109-10 ( 207) 
8-Ethaxy-2-nitrodibenzothiophene 209.5- (207) 
210.5 
2-Hydroxy-3-dibenzothiophenecarboxylic acid 283 (6U,208) 
2-0ctyl-8-acetyldiben!Bothiophene •— 0-9h) 
2-0ctyl-8-propionjldibenzothiophene - (19U) 
2,8-Tetraacetaniinodibenzothiophene — (7U) 
!mi:SUBSfI'fUTED DIBENZOTHIOPHEKES 
8-Ethoxy-li-iodo-2-aininodibenzothiophene 1U8.5-9-5 (207) 
8-Ethoxy-ii-iodo-2-nitrodibenzothiophene 222 (207) 
TETRASUBSTITUTED DIBENZOTHIOPHEMES 
l,2,3#U-'j^etrahydrodibenzothiophene b.p,,l80/ (20?) 
3*3 nm. 
Block, £. Chem. Soc.. 72, 561i3 (1950). 
^°®Gerinan Patent 6O7,30l /"c. A., ^  1997 (1935) J. 
^Buu-Hol[ and P. Cagniant, ]6, 1269 (1^13). 
61 
Table III (Continued) 
Hame of Confound 1C»P» Reference 
1-Keto-l,2,3,ii-tetrahydrodibenzothiophene 109 (209) 
1-Keto-l, 2,3 ,U-tetrahjrdrodibenzothiophene 
oxiiae 170 ( 209,210) 
1-Keto-l, 2,3 ,U-te tral^drodibenzolMophene 
seadcarbazone 263 d. (209) 
910 
P. Cagnlant, Bull, soc. chlm« France, 332 (19U9)* 
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Table I? 
Derivatives of Dibemothiophene-5-oxide 
Naaie of Ccn^oomd M.P. Eeferenoe 
Dibensiothiophene~5-oxide 188-88.5 (57,62,6U,65) 
(66,67,68,69,) 
(192) 
MDNOSUBSTITUTED DIBENZOTHIOPHEIIB-.5-OXIDES 
3-Acetaad.nodibenzothiophfine-5-oxide 265-7 (68,190) 
x>4minodibenzothiophene-5-oxide 252-3 (6U) 
3-'AaiiKKJibem;othiophene«S-oxide 208-9 (68) 
2-Broiaodibenzothioph0ne-5-oxide 171-2 (61i,211) 
2-E^?xJrcac3rdibemotMophene-5-oxide aji7 (6U,200,201) 
3-Nitrodibenzothlophene-5-o*ide 209.5-
210.5 
(6U,68) 
0ISUB3TITOTED DIBENZOTHIOPHBHE-^-OXIDEg 
3 ^7-DinitrodibenaothiophBne-5-oxide 267-8 (69) 
2-i^droxy-3-car b0xydibenz0thi0phene-5-03d.de 258 (201) 
TETRASUBSflTOTED DIBSNZOTHIOPHEHE-5-OXIIlES 
2, 8-Dibro!Bo-3»7-*dini trodibenzothiophene-5-oxide 312-3 (192) 
Coiarbot and F. Roctebouet, ibid«, hf 1972 (1937)» 
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Table V 
Derivatives of Dibenzothiophene-5~ciioxide 
HaBie of Conpound M.P* Reference 
Diben2othiophene-5-dioxide 235 (li7,U9,59,6U) 
(65,66,67,70) 
(71,72,75,122) 
(192,212,213) 
(21^,215,216) 
(217,218) 
MOHOSUBSTITirCED Dim20THI0PH£NE«.5">I>I0XIDES 
2-Acetaininodibenaothiophene-5-di oxide 273-li (69) 
3-Acetaminodibenzothiophsne-5-dioxide 325-7 (68) 
2-ABdnodibenzothiophene~5-^ioxide 278-80 (27,56,6U,69) 
2-Bronodibenzothiophene-5-dioxide 266-7 CU7,6l4,211) 
3-Broaodibenzothiophene-5-dioxide 2214-5 (n) 
li-Bronsodibenzothiophene-5-di oxide 202-3 (192) 
Q. Bordwell and W. H. McKellin, J. Am. Chem« Soc, 73, 2251 
(1951). 
^R. R. Brown and co-flrorkers, ibid., 73, ii65 (1951). 
Gotirtot and Motamedi, Compt. rend., 199, 531 (193li). 
Courtot and C. C. Lin, Bull, soc. chiia. France, Ijg, 10it7 (1931). 
216 
S. M. CuUinane, K. M. £. Iforgan and C. A. J. Plusmer, Rec. 
trav. chim.. 56, 627 (3537). 
217p, Qriess and C. Duisberg, B^., 22^ 2^67 (1889). 
Kruber, ibid.. 1566 (1920). 
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Table V (Continued) 
Kai!^ of Co]]^}ound M.P. Reference 
1^,-Carboiae thoxydibenz 0 thi op hene-5-dioxide ih) 
ii-CarboxydibenzothiophBne~5-dioxide 338-9 (192) 
2-Chlorodibenzothioph6nje-5-dioxide 2lt9 (211) 
lt-3)ibenzothioptenecarboxamide-5-dioxide 236-8 (67,192) 
2-%droxyxiiben2othiophene-5-dioxide 26U (6 ,^200,201) 
(219) 
2-Iododibenzothiophene-5-^oxide (211) 
li-lfethaxydibenaothiophene-S-dioxide 191-2 (27,56) 
2-^itrodibenzothioptene-5-dioxide 258 (56,6U,69) 
3-Nitrodibenzothiophene-5-dioxide 265-6 (68) 
2-TriBiethylsilyldibenzothiophene-5-<lioxide l61t-5 (133) 
3-Triiae thyls ilyldibenzo thi ophene-5-di oxide 170.8- (133) 
U-TriiBethjrlsilyldibenaothiophene-S-dioxide 1U6-7 { 27,20U) 
U-Triphei^lsilyldibenzothiophene-5-<iioxide 212-3 (27,20U) 
DISUBSfl'itJTED DIB£NZQYHI0PHEH&.5>DI0XIPES 
2-Aiaino-8-(2-pyridylajaino) dibenzothiophene~ 
5-dioxid© (220) 
^^^Genaan Patent 6o6,350 £~Q, A., Ui3U (1935) J* 
22%, S. Patent 2,529,860 fc. A., U5, 298I4 (1951) J. 
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Table V (Continued) 
Sam of Ck>i^ound M.P. Reference 
2,8-Oiace taffiinodibenzothiophene-5«-dioxide 356-7 (56) 
3, 7-IMLacetaBiinodibenzothiophene-.5-dioxide 382-3 (215,221) 
2, 8-Dia!ninodibenaothiophene-5-di oxide 329-31 (56,220) 
3,T-Diandnodibenzothiophene-5-dioxide 327 (69,215,217) 
(2a,222) 
3,7-Dibeni.oaiainodibenzothiophene-5-dioxide 381t-5 (215,221) 
2,U-DlbroB»dibenaothiophene-5-dioxide — (211) 
2,8-Dibromodibenzothiophene-5-dioxide 361-2 (192,220,223) 
2,8-Dicarboxydibenzothiophene-5-dioxide Uoo (122) 
li,6-Dicarboxydibenzothiophene-5-dioxide 39k-$ (192) 
2,li-Dichlorodibenssothiophene-5-dloxide — (211) 
3,7~DichlorodibenzotMophene-5-dioxide 295-6 (22li,225a) 
3,7-Dxnitrodibenzothiqphene-5-dioxide 290 (69) 
8-Ethoxy-2-acetaminodibenzothiophene-5-dioxide 313 (207) 
221 
G. Co\irtot and B. Evain, Bull, soc> chim, fiance, k9t 52? (1931)• 
C. Courtot and R. Evain, ibid>, 1^9« 1555 (1931). 
Courtot and C. Chaix, Compt. rend.. 192. 166? (1931). 
Ck)urtot and R, Evain, Bull, soc. chim. iVance, 55. 681 (1936). 
ppf^ n 
'' Germm Patent 230,U09 /"Oheia. Zentr., 82, 14tO (1911) J/* 
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Table V (Continued) 
Sam of Coiopound Mo P. Heference 
2-l^droxy-3->carboxydibeMothiopl»ne«$-dioxide 28{i. (6U»201) 
x-Hitro-li-triaietHylsilyldibenzothiophene-
5-diQxide 225-h (27,20l^) 
Sodium 2,8-diarainodiben20thiophene-5-dioxide 
bis(formaldehydsulfoxylate) 26?,$S,$ (220) 
THISU^TITUIED DIBEMZOTHIOPHEtIE>g-.DIOXlDES 
8-Sthoxy-ii-iodo-2-acetaBiinodiben2othiaphen©-
5-dioxide 28? (20?) 
8-Ethoxy-l4-iodo-2-nitrodibenzotliiophene-
5-dioxide 300 (207) 
3 f 7-Diaiaino-«-sulf onyldibenzothiophene-
5-dioxide (217) 
TETRASPBSTITUTED DIBEMZ0THIQPHEHE-^*>DI03[IDES 
3»7 -Bibrofflo»2, 8-dibenj50 thiophenedi-
sulfonic acid 5-dioxide — (215) 
XjX-Diamino-XjX-dibenzothiophenedi-
sulfonic acid 5-dioxide —- (225b) 
Deribere, Tiba, 3U9 (1937) /"c. A., 32, 1602 (1938)_/. 
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Table V (Continued) 
Haiae of Ck>s^ound M«P* Reference 
3f 7-Di)Mnino-l, 9-dine tljjrldibenzothiophene-
S-dioxide — (217) 
3,7-Diaaino«-(Jc,x-disulf onyldibenzo thiophene-
5-dioxide (217) 
JMI^UBSTITPm) DIB£N2:0THI0PHEHE»5-DI0XIDES 
3,7-Diaffiino-x,x,x-ta'i3ulfonyldiben!Bothiophene-
5-dioxide —— (217) 
HEXASUBSTITUTED DIB£IK0THI0PHEKE.5«DI0XIDE3 
3# 7-Diamino-x,XjX,x-tetrasiilfonyldibenzo-
thiopi»ne-5-dioxide — (217) 
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Bibliography of Dibenzothiophen® 
The bibliography of dibenzothiophene represents an attea^jt to 
present in one place all of the literature references concerning the 
chemistry of dibenzothiophene. For ti» convenience of later workers 
tl^ entries have been made alphabetically in respect to the last 
names of the authOTS. The literature was covered thoroughly through 
1950 and as conqjletely as possible through September, 1951* 
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EXPERIMENTAL 
Metalation Reactions 
General procednre 
The customary precautions required for the satisfactory preparation 
of organoHBtaHic conpounds were observed in the metalation reactions 
described below. All glassware was dried overnight in the oven at 110", 
assesibled while still warm, and flushed out with a rapid stream of dry« 
<Kcygen-free nitrogen for at least one-half hour before the reaction 
was started. The ether was allowed to stand in contact with fresh 
sodium for at least tiro days before usage. The metalations were 
carried out in a three-necked, round-bottOB»d flask of proper size 
equipped with a motor stirrer, reflux condenser, and dropping funnel* 
If the reaction ten^erature was below 0*, a specially constructed 
li-necked flask was used so that a thermometer could be Introduced into 
the reaction mixture* 
226 
Unless otherwise noted, the procedure of Oil^tan and coworkers 
was followed, with minor modification, for the preparations of 
butyllithium and n-propyllithium. Block lithium (instead of the 
recoEEaended lithium wire) was pounded to a thickness of less than 1.0 
Bm«, rinsed with ether, and cut into pieces about 0*5 cm. square which 
226 
H* Gilman, J. A. Beel, C. Q, Brannen, If. W. Bullock, G. £. Dunn 
and L. S. Miller, J. to. Chem. Jl# 1^99 (19U9). 
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were alloired to fall directly into the reaction flask. It was found 
jaore convenient and lauch quicker to add the solution of butyl bromide 
rather rapidly while controlling the tei^rature by raising or Icwrering 
an acetone-Dry Ice bath which contained excess II&:y Ice» In this wj^, 
the time required for the addition of a solutioai of O.S Joole of butyl 
bromide cotild be reduced from about 30 minutes to le^s than 10 minutes. 
It is necessary, however, to stir the mixture for at least one hour 
after addition of the butyl bromide is coiJ5>lete in order to obtain the 
marlifflam yield* 
The aetalation reactions were carried out by adding the solution 
of n-butyllithium to a solution or suspension of the reagent to be 
laetalated. Unless otherwise stated, carbonation was effected by pour­
ing the reaction M.xture or solution jetwise onto a slush of ether and 
33iy Ice« After all of the carbon dioxide had evaporated, hydrolysis 
was effected by adding about an equal volume of water and shaking 
vigorously. If an Insoluble material remained suspended between the 
ether and water layers, it was found advisable to filter the mixture 
before atteit5)ting to separate the layers. The ether layer was 
separated and washed at least twice with water or dilute sodium 
l^ydroxide. The combined water layer was then washed at least once with 
ether, warwd on a steam-bath in the hood to remove dissolved ether, 
filtered hot, cooled in an ice-bath, and acidified with 6 H hydrochloric 
acid. The combined ether layer was dried over sodium sulfate before 
removing the solvent by distillation from a steam-bath. 
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Dibengothiopheiag 
Ifetalatlon with lithium in ether (attempted)* 
Run J. To a stirred siispension of 18*U g. (0,1 mole) of 
dibenzothiophene in 150 nil. of ether was added 1*73 g* (0.25 g* atom) 
227 
of lithium. While stirring at room temperature. Color Test I was 
negative at the end of l6, 2U# and iiO hours. Since a large aaount of 
the dibenzothiophene had crystallized at the sides of the flask above 
the solution, refluxing was started. Color Test I results were still 
negative at the end of a total of U6, 6U, 72, 88, 96, 112, mid 120 
hours. The reaction mixtm-e was then cooled and filtered first through 
a plug of glass wool then through a fluted filter. Heaoval of the 
ether solvent resulted in the recovery of l6*8 g (91.3^) of pure 
dibenzothiophenei a.p. and mixed m.p. 98-99*• 
Run II. In this experiment the stirred mixture was brought 
to reflux iimediately, and maintained at this teB?>erature for 36 hours, 
227 Color Test I was negative throughout except at the end of 22 hours 
wten a moderately positive test was obtained. At the end of 2h hours, 
however, it was necessary to replace some of the ether which had 
escaped, after which Color Test I was negative. The reaction was 
terminated by carbonation in the usual manner. Ho acidic material was 
isolated from the alkaline layer. Removal of the solvent from the dried 
H. Oilman and F. Schulze, ibid., 2002 (1925). 
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ether layer resulted in a 95«1^ recovery of dibenzothiophenej m.p. and 
mixed ia*p. 98-99°. 
Ifetalation with lithium in dioxane« 
Run I. A ndxture of 0.1 niole of dibenzothiophene (18,U g.) 
which had been well-desiccated over sulfuric acid, 0.22 g. atom (1.5 
g.) of lithiua, and 200 jnl. of purified and sodiufflcdried dioxane was 
refluxed and stirred vigorously for 12 hours. Xhe reaction flask 
was closed with a calcium chloride tube* Most of the lithium had 
disappeared by the end of 8 hotirs. After cooling overnight a few 
particles of unreacted lithium were removed mechanically, and the 
mixture was carefully hydrolyzed with a water-dioxane mixture. Ifcst 
of the solvent was removed by distillation under a water-puiap vacuiam. 
About 100 ml. of water was added to the remaining mixture of liquid and 
solid, and the whole was acidified with 6 H hydrcKJhloric acid. A very 
strong odor of hych'ogen sulfide was immediately observed. Extraction 
with ether removed the brown color and some solid material from the 
water layer. The solvent was removed firom the dried ether layer leaving 
a brown liquid which solidified after being transferred to & distilling 
flask. Vacuum distillation gave a small first fraction which melted 
at 67-70°, a second fraction which melted at 55-60", and a third 
ffaction which melted at 8ii-93*« ^he first fraction was digested with 
$% sodium hydroxide, then cooled and filtered. The residue was 0.4 g. 
of nearly pure diphenylj m.p. 68-69.5* and mixed m.p. with authentic 
diphenyl (m.p. 69-70°) 69-70°. The second and third fractions were 
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combined, digested with $% sodium hydroxide, and finally distilled with 
steam until a total of 300 ml,, of distillate had been collected. The 
combined distillate was extracted with three 75-ib1* pco'tions of ether# 
Resmoval of the solvent from the dried ether layer gave it.3 g» of nearly 
pure diphenyl melting at 67-68.5'} identified by the i^thod of mixed 
melting points, iJ'iltration of the still-pot residue from the steam 
distillation yielded 2.7 g. of material melting at 65-85° which was 
reciT^tallized from diluted ethanol to give 2»k g. of pure dibenzo-
thiophenej m.p. and mixed m.p. 98-99°. Digestion of the still-pot 
residue from the vacuum distillation with ethanol, filtration while 
hot, dilution of the filtrate hot Just to turbidity, cooling, and 
filtration yielded 3*7 g» of pure dibenzothiophenej m.p. and mixed 
m.p. 98-99*. ^he total yield of diphenyl was 30.5J6» and the total 
recovery of dibenzothiophene was 33.2^. 
Run II. The same amounts of reagents and conditions of re^ 
action were used in this experiment as in Run I, except that the 
reaction was conducted under an atmosphere of nitrogen. Color Test 
227 
I was negative at the end of U# 8, and 12 hours. After stirring 
and refluxing for 12 hours the mixture was carbonated as usual. The 
carbon dioxide-free material wa# cautiously hydrolyzed with a water-
dioxane mixture, transferred to a distillation flask, treated with 
excess 10% sodium hydroxide, and the bulk of the solvent removed •under 
a water-pump vacuum. The remainii^ residue was made strongly alkaline 
with 3 H sodium hydroxide, then extracted with three 150-4nl. portions 
81 
of ether. The alkaline solution was warmed on the steaia-bath, filtered 
hot, cooled in an ice-bath, and acidified with 6 H hydrochloric acid. 
A strong odor of hydrogen sulfide was observed. Filtration gave 3.U 
g« (18»3^) of o-Biercaptodipheayl melting at '•^he material was 
dissolved in 100 ml. of ether, and the resulting solution was 
extracted first with Q% sodium bicarbonate then with 10^ soditm 
iydroxide. After warming on the steam-bath, the alkaline solutions 
were separately filtered hot, cooled in an ice-bath, and acidified. 
From the bicarbonate layer there was obtained only a very small amount 
of tan guzmay material, from the hydroxide solution there was isolated 
3.0 g. (l6«l^) of pure o-mercaptodiphenyl melting at Uo-Ul®. The 
228 
infrared spectrua of this compound exhibited absorption at 3.^, 
characteristic for the mercapto group. Interfering bands covered up 
the principal bands iixiicating 1,2-substitution of the benzene ring. 
Absorption was absent in the regions which indicate 1,3- and 1,It-
substitution. 
Anal. Calcd. for Cj^2®10^* 17.21. Fotmdj S, 17.12, 17.05. 
Reiaoval of the solvent from the dried ether layer yielded 13.3 
g. of liquid which solidified on standing; m.p. i>5-70*. The material 
was steam distilled until about 350 ml. of distillate had been 
collected. The distillate and still-pot residue were each extracted 
The author is grateful to Dr. Velmer A. Fassel and Ifr. Marvin 
Margosches for their infrared absorption measurements. 
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with three 125-ffll. portions of ether. The combined ether layers were 
separately dried and the solvent removed. From the distillate there 
was obtained 3.3 g. (21.1j.^) of diphenyl melting at 66-68* which gave 
a aaixed jaelting point with ptire diphenyl (m.p. 69-70*) of 67-69*. From 
the still-pot residue there was obtained a brown gtuiBay material that 
was recrystallized from ethanol (Norite) to give 3.1 g. of dibenzo-
thiophenei m.p, 96-98". Reduction in the volume of the filtrate, then 
progressive dilution with water gave 2.2 g., 1.6 g., and 2.1 g. 
fractiorffl of less pure dibenzothiophene melting at 92-9$*, and 88-914*, 
respectively. ISTone of the fractions gave a depression in the melting 
point when mixed with dibenzothiophene. The total recovery of dibenzo­
thiophene was 9.0 g. (1^8.8^). Based on the amount of dibenzothiophene 
which actually reacted, the yield of £-mercaptodiphenyl was 35.8^, 
and the yield of diphenyl was Ul.8^. 
Ifetalation with n-propyllithium. 
Run Three grams (0.1*32 g. atom) of lithium in 100 ml. of 
ether were reacted with 18.5 g. (0.1$ mole) of n-propyl bromide in $0 
ml. of ether in the usual manner to give 1$5 ml. of a 0.777 M solution 
of n-propyllithi\m (0.120$ mole| 80.3$ yield). 
To a stirred sxispension of 18.U g. (0.1 mole) of dibenzothioptene 
in 17$ ml. of ether was added the 0.1^$ mole of n-propyllithium 
prepared above. The solution was stirred and refluxed gently for 2k 
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hoiirs. Aliqxiots of 75 ml. each were removed and carbonated by pouring 
jetwise onto Dry Ice at the end of 6, 13, and l8 hours, with the 
remaining ^ ml. being carbonated at the end of 2U hours. Hydrolysis 
and acidification were effected as usual to give four products melting 
at 236-.2li5', 238-256% 237^2lt7*, and 2U2-2W4' and weighing 2,h$ g., 
it*3 g»» it.35 g.* and 2.1 g., respectively, after drying in the oven 
at 100* for 3-^ hours. Repeated recrystallizations raised the melting 
points of the four products to 252'-253'» Yhe pure fractions were 
identified as li-dibenzothiophenecarboxylic acid (total crude yield 
of 58.2SS) by the method of mixed melting points. Fros& the various 
ether layers there was isolated a total of ii.9 g. of unreacted dibenzo-
thLophene (26.6^ recovery)• Basnd on the amoimt of dibenzothiophene 
which actually reacted, the yield of acid was 79*6%* 
Run II. To a solution of 12.2 g. (0.065 mole} of dibenzo­
thiophene in 125 ffll. of ether was added l60 ml. of a 0.613 M solution 
of n-propyllithium (prepared as abovej 0.098 mole). The solution 
was stirred aiui refluxed for 12 hours, during which tine Color Test 
227 229 
I and Color Test II were both given and remained positive, 
although the latter becaiae progi^essively weaker* The solution was 
carbonated, hydrolyzed, and acidified as in Run I* Filtration gave 
11.2 g. (75»2^) of dry crude acid melting at 239-2li7*» Recrystalliz-
ation from methanol yielded 7.2 g. (U8.U^) of pure 
Oilman and J, Swiss, J. Am. Chem. Soc., 62, iQkl (19U0). 
8U 
U-dibenzothiophenecarboxylic acidj m.p. and,mixed m.p. 2$2-253*. 
R-om the ether layer there was obtained l.U g. (ll.S^ recovery) 
of slightly impure dibenzothiophene melting at 88-92Based on the 
amount of dibenzothioptene wtiich actxially reacted, the yiel%te of acid 
were crude and ^,7% pu3?e« 
Metalation with n-butyllithium. 
Preparation of U-dibenzothiopbenecarboaylic acid and the sodium 
salt. Several preparations of li-dibenzothiophenecarboxylic acid were 
it? 
made by following the directions given by Qilman and Jacoby. The 
crude yields ranged from 75-85/6 while the pure yields ran from I4O-
50%, 
The sodium salt of U-dibenzothiophenecarboxylic acid was readily 
prepared by refluxing the acid with U56 sodium hydroxide, filtering 
the solution hot, and cooling in air. Filtration yielded fine, white 
needles aelting with decomposition at 320-325*« Ignition of a small 
sample of tlM sodim salt showed that the coi^ound decoB?)osed with 
little apparent burning leaving an infusible residue* 
Isolation of a by-product, n-butyl It-dlbenzothienyl ketone. 
An ether- and aLkaH-insoluble material was usually isolated during 
the preparation of U-dibenzothiophenecarboxylic acid. This by-product 
•was identified^^® as n-butyl li-dibenzothienyl ketone by cosqparison of 
its properties with those of a saraple of authentic material. 
Oilman and D. L. ISsmay, ibid.. 7U. in press (1952) 
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Metalation at a reduced temperatitre. 
Rtin I. A solution of ii.6 g, {0.025 nole) of dibenzo-
thiophene in 200 ml. of ether was cooled to -10® and a total of 25 sal. 
of a 1.367 M ether solution of ^ butyllithium (l.it equivalents! 
prepared in Bk»0% yield in the usual way) was added in predetermined 
227 229 portions. Color Test I was positive throughout. Color Test II 
was negative until 0.8 equivalents of ^ butyllithiua had been added 
but did not remain positive on prolonged stirring until after l.U 
equivalents of the organometallic con^jound had been run in. After 
stirring at -10* + 5* for 2.75 hours carbonation, hydrolysis, and 
acidification were carried out in the usual way. Although the 
acidified water layer possessed a strong odor of valeric acid, no 
precipitate appeared even on prolonged standing. Removal of the solvent 
from the dried ether layer and recrystalliaation of the resulting 
residue fipom diluted ethanol gave U.O g. (86.ji|j6 recovery) of pure 
dibenaothiophenei a.p* and mixed m.p. 98-9?". 
Run II. The proced\u*e and amounts of reagents were the 
saste as in Run I except that a 1.318 M ether solution of n-butyllithium 
was used and that the total reaction tiise was 7 hours. Carbonation, 
hydrolysis, and acidification as above again gave no solid acid. From 
the ether layer there was recovered li»l g. (89.3?^) of the startiiig 
dibenzothiophene. 
Run III. This run was identical with Run II except that 
0.5 g. (0.0025 n»le) of dibenzothiophene-5-oxide was added to the 
initial reaction adxture, and a 1.285 M ether solution of 
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n-butyllithiim (prepared in the customary manner in yield) was 
used. Only a trace of acid was isolated, and 91»355 of the starting 
ditenzothiophene was recovered. 
Run I7« For this run, 0.6 g. (0.0025 raole) of dibenzo-
thiophene-5-dioxide was added to the initial reaction mixture and a 
1.23U M ether solution of n«butyllithium (prepared in 8l.li$ yield in 
the usual way) was \ised. I<ess than 0.1 g. of acid n^lting at 378«-
381* was obtained and the dibenaothiophene recovered represented 
B9»l% of the starting material. 
Preparation of U-'bromodibenzothiophene. To a stirred solution 
of 27.6 g. (0.15 laole) of dlbenzothiophene in 250 ml. of ether was 
added litO ml. of a 1.317 M ether solution of n-butyllithium (0.181; aolej 
prepM-ed as usual in 83.15^ yield). After stirring and refluxlng for 
229 
20 hours Color Test II was only weakly positive. The teniperature 
of the solution was then maintained below 5" by means of an Ice-bath 
while 2lt.O g. (0.15 mole) of bromine was admitted by entraining In a 
slow stream of nitrogen. Bpomine vapor was plainly visible going into 
the reaction flask, but at no time was there evidence of bromine vapor 
above the reaction mixture. A silver nitrate test for escaping hydrogen 
bromide was negative. After addition of the bromine was con^jleted 
(li.5 hours) the mixture was hydrolyzed by pouring into about an equal 
volume of water. Separation of the ether and water layers was easily 
effected, after which the aqueous layer was washed well with ether and 
the combined e'Uier layer was washed first with sodium bisulfite solution 
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then with water. Renoval of the solvent from the dried ether layer 
left an oily residue nhich was crystallized frora ethanol to yield 13.3 
g» (33 »6?) of crude U-bromodibenzotbiophene melting at 70-73The 
mterial was purified by a laborious process of fractional crystal­
lization from ethanol and diluted ethanol. Digestion with Norite 
was necessary to remove a persistent yellow color. The total pure 
yield was 8.ii g. (21.3$) melting at 83-814". The iiifrared spectrum^^® 
showed absorption bands at 13.3^ and 13 characteristic of 
1,2,3- and 1,2-substitution of the benzene rings, respectively. The 
i»*esence of tlw latter band indicates substitution in only one of the 
benzene rings. 
Anal. Calcd. for 30.U. Founds &•, 29.9, 30.2. 
Diaetalation with tt-butyllithivua (attempted). An ether solution 
of 0.33 mole of n-batyllithium (prepared in the usual manner in 78.8$ 
yield) was added rapidly over a period of 15 minutes to a stirred 
suspension of 27.6 g. (0.15 mole) of dibenzothiophene in U50 ml. of 
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ether. Color Test II was positive at the end of 11, lit, 19, and 
2k hours of stirring aod refluxing, but negative after a total of 36 
227 hours. Color Test I was positive throughout. Carbonation, hydroly­
sis and acidification were effected as xisual giving 31.1 g* (90,9%) of 
crude Ji-dibenzothiophenecarboxylic acid melting at 237-2145''* The crude 
product was extracted overnight in a Soxhlet extractor with 600 ml. of 
methanol. From the cooled methanol solution there was filtered 12.1 g. 
(35*h%) of exceptionally pure U-dibenzothiophenecarboxylic acid melting 
at 255-25^.5°; identified by ttie method of mixed melting points. Two 
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reductions in the volume of the filtrate gave 7#6 g« (22.2/2) and 5.7 g. 
(16»7^) of less p\ire acid editing at 250-252* and 2lUi-250*, respectively. 
Removal of the solvent from the dried ether layer gave only a small 
acKJunt of gumny material which melted at 172-185* after crystalliz­
ation from ethanol. No attei^t was made to identify the product. 
Dimetalation with nr-butyls odium (atteiapted). 
Run I. The directions followed in this experiraent were those 
20 given by Qilman and Young for the preparation of lj.,6-dibenzofuran-
dicarboxylic acid in over 10% yields. 
To a solution of 5»9 g. (0.032 mole) of dibenzothiophene in 75 ml. 
of ether was added 1.82i g. (0.08 g. atom) of sodium and 10.0 g. (0.032 
aujle) of di-n-butyl^rcury. The stirred mixtiare was warmed slightly 
to start the reaction, then allowed to proceed at rocaa teiaperature 
until the vigorous reaction had subsided (one hour). The color changed 
through brown to black. After refluxing for hours the mixtvire was 
carbonated as usual. Filtration of the carbon dioxide-free material 
gave a dark-grey powder containixig black cliuDps of material. Since 
adding a small portion of the solid cautiously to 500 ml. of water 
showed the creation of considerable fire hazard, the residue was added 
slowly to 100 ml. of ethanol, and after all reaction had ceased, tte 
resulting mixture was filtered and the residue safely added to the water. 
The ether filtrate was extracted once with dilute sodium hydroxide, and 
the alkaline layer was added to the water layer above. The solvent 
was removed from the ethanol filtrate, and the resulting residue was 
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dissolved in water and added to the water layer above. The combined 
water layer was wariaed on the steam bath, filtered hot, evaporated on 
a steaia-plate until the volume was about U50 ml#, filtered hot, cooled 
in an ice bath, and acidified with 6 N hyxlrochloric acid. A few flakes 
of black solid were filtered off which melted at 205-212*. The amount 
of product was insufficient for purification or identification. Kenoval 
of the solvent from the dried ether layer gave 5,6 g. (9U.8^ recovery) 
of pure dibenzothiophene} m.p. aiKi mixed m.p. 99->100*. 
Run II. The same amounts of reagents were used as in I 
except that the ether was replaced with 75 ml* of benzene. The sdxture 
was warmed slightly to initiate the reaction, then allowed to stir at 
room tengjerature for 6 hours. The color changed through brown to black. 
The mixture was then refluxed for 10 hours and carbonated as usual. 
Filtration of the carbon dioxide-free mixture gave a black, powdery 
material which was safely added in small portions to 500 ml. of water. 
The Brixbxire was slowly brought to boiling aid filtered hot. The cooled 
filtrate was extracted with ether, warmed on the steam bath, filtered 
hot, cooled in an ice bath, and acidified with 6 N hydrochloric acid. 
Filtration yielded 0.6 g, of dark brown material melting at 2Ul-253''« 
the product was dissolved in 100 ml* of methanol, and the resulting 
solution was digested with Norite and filtered hot. IVom the cooled 
solution there was obtained a few light-tan flakes; m.p. 335-3UO*. 
The amount was too small for purification or identification and no 
other high melting fractioris conid be isolated. Rew>val of the solvent 
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from the dried ether-henzene layer gave 5*3 g* of slightly iaqjure 
dibenzothiophene (89,7^ recovery)j m.p. 93-95' and mixed m.p. 96-98", 
Recrystallization from ethanol yielded h»7 g» (80.0;^ recovery) of pure 
dibenzothiophenej m*p. and mixed m.p. 96-99 
Dimetalation with benzylsodlua (attempted)• The procedure used in 
17 this experiment was a modification of that given by Avakian ' for the 
preparation of J4,6-diiododibenzofuran via the intermediate li,6-diben20-
furyldisodixm which in turn was prepared by the ntee&alation of dibenzo-
furan with benzylsodium in toluene. 
In accordance with the procefures of Avakian^^ and Pacevitz^^ 
phenylsodium was prepared by placing a mixture of 120 ml. of toluene, 
11.5 g. (0.5 g. atom) of sodium shot, and 22.5 g» (0.2 mole) of 
chlorobenzene in 50O -ml. it-necked flask equipped with a condenser, 
stirrer, nitrogen inlet, and thermometer. A small crystal of iodine 
was added to the stirred mixture as a catalyst* About 25 minutes after 
the addition the tenperature began to rise and by appropriate cooling 
with an acetone-Dry Ice bath was maintained between 38 * and 1;3" during 
the entire reaction period of hours. When the tenperature began to 
fall, a suspension of lB»k g* (0*1 mole) of dibensothiophene in 80 ml. 
of toluene was added all at once^ and the temperature was raised to 
100-105* by means of an oil-bath. The black reaction mixture was stirred 
at this teicperature for 11 hours, then carbonated by pouring jetwise 
onto a toluene-ary Ice slurry. Unreacted sodium in the carbon 
*The sodium shot was that supplied by the Herce Chemical Co., 
Hockford, 111.. It was stored under xylene and was 1-2 mm. in diaineter. 
The shot was washed twice with toluene before using. 
91 
dioxide-free mixture was destroyed by the cautious dropwise addition of 
water. Water was added until the volume of the aqueous layer was about 
one-third that of the toluene. The layers were separated, and the 
toluene solution was washed three times with 100-ml. portions of water. 
The combined water layer was extracted once with ether, warraed on the 
stearft-bath, filtered hot, cooled in an ice-bath, and acidified with 6 N 
hydrochloric acid. A small amount of dark brown gumniy material was 
filtered off and digested with 175 ml. of ethanol. The solution was 
filtered hot and cooled in air. From the cooled mixture there was 
isolated a very small aiaount of black powder melting indefinitely at 
330-350*. Mo other high melting acid fraction was obtained. Removal 
of the solvent from the combined ether-toluei^ layer gave 16.1 g. 
(87.recovery) of nearly pure dibenzothiophenej m.p. 95-97° and 
mixed m.p. 96-98*. Recrystallization from diluted ethanol yielded 
15*6 g. (81i.856 recovery) of pure dibenzothiophene) m.p. and mixed 
m.p. 98-99*• 
ifetalation with phenylcalciua iodide. 
Preparation of 3-dibenzothiophenecarboyylic acid. The procedure 
followed in the preparation of the phenylcalcitua iodide was that used 
by Mr. John Morton in his most successful run. The clean glassware 
was dried overnight in the oven, then assembled while still warm and 
flushed out with dry nitrogen overnight. Into the 1 1., 3-necked flask, 
equipped with a motor stirrer, condenser and dropping funnel, was placed 
1^0 g, (1.0 g. atom) of calcima, a few crystals of iodine, and 100 ml. 
of dry ether. About 20 al. of a solution of 102 g, (0.5 mole) of 
iodobenzene (Eastman Kodak White Label; distilled just prior to use) 
in liOO ml. of dry ether was run into the flask. After stirring at 
room tesqierature for about five lainutes, the iodine color in tte 
mixture began to fade, and at the end of about 12 minutes the 
solution was nearly colorless, a slight cloudiness had developed in 
the solution, and spontaneous refluxing had begun. The remainder of 
ttie solution of iodobenzene was then added slowly at such a rate that 
spontaneous, gentle refluxing was maintaimd. The total time of addition 
was two hours and twenty minutes. During this time the solution had 
gradually becoTO reddish-brown and had slowly ioecome filled with a finely 
divided precipitate. The mixture was stirred for an additional 1.5 
hours, during minutes of which spontaneous refluxing continued. 
Stirring was then discontinued and the mixture was allowed to settle 
for six hours. The clear, dark red-brown supernatant liquid was 
siphoned off under nitrogen pressure to give k25 nil. of a OtBlk H 
solution of phenylcalcium iodide. The molarity was determined by adding 
2 ml. samples to excess acid and back-titrating with standard base. The 
yield was 
22,2k 
In accordance with the procedxire used by Jacoby the above-
prepared 0.372 mole of phenylcalcium iodide was run into a stirred 
solution of 27.6 g. (0.15 mole) of dibenzothiophene in 250 ml. of ether. 
a-
Kindly provided by Dr. A. Daane. 
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The resulting solution was stirred and refluxed for eight hours, stirred 
at room tec^jerature overnight (lli hours), refluxed for four aore hours, 
and finally carbonated in the usual manner. Hydrolysis and acidification 
of the alkaline layer were carried out as usual. The voluminous 
precipitate obtained from the acidified solution was digested with 500 
blL, of hot water. Filtration yielded a black gum which was recrjratal-
lized from methanol to yield about 0.1 g. of almost white product 
melting at 30$-308* plus three fractions of very ii^ure material 
weighing a total of 1.9 g. A mixed suiting point of the pure fraction 
with authentic material was not depressed. J^om the cooled water 
filtrate there was obtained 30.7 g. (67.6^) of benzoic acidj m.p« and 
mixed m.p. 120-121*. From the reaction mixture ether layer there was 
isolated 2h»$ g. (88,756 recovery) of dibenaothiophenej identified by 
m.p, and mixed m.p. 
Preparation of 3-'bromodibenzothiopbene (attempted)• Following 
the procedure described above, a 0.829 M ether solution of phenyl-
calcium iodide (ili$t) ml.j 0,373 Jnole) was obtained in 7^.7^ yield. 
The solution of organometallic congjound was rapidly run into a 
stirred solution of 27.6 g, (0,15 mole) of dibenzothiophene in 250 ml, 
of ether. The mixttire was refluxed for 13 hours, stirred at room 
teaperature for 11 hours, refluxed for an additional k hours, and finally 
cooled in an ice-bath. To the cooled solution of 3-dibenaothienylcal-
cium iodide was admitted a slow stream of bromine vapor obtained by 
bubbling nitrogen through UO g, (0,15 mole) of bromine. Bromine vapor 
9h 
was plainly visible going into the reaction flask, but at no tiae was 
there evidence of bromine vapor above the reaction mixture. A silver 
nitrate test for escaping hydrogen bromide was negative. After 
addition of the bromine was coapleted (6 hours) the mixture was 
b^^olyaed by pouring into about an equal voluiae of water. Consider­
able inorganic material (ignition test) was filtered off and the ether 
and aqueous l£^rs were separated. The aqueoxis layer was washed well 
with ether, and the combined ether layer was washed once with bi­
sulfite solution. Removal of the solvent from the dried ether layer 
left a mixt\ire of solid and liquid which was distilled to vacuo to 
give three liquid fractions (tentatively identified as either 
bronwbenisene or iodobenzene) and one solid fraction which was 
recrystalliaed from diluted ethanol to give 15.6 g. (56.recovery) 
'L 
of dibenzothiopehenj m.p. and mixed ffl.p. 9o-99 . £bctraction of the 
still-pot residue with ethanol yielded small amount of nearly black 
material melting at 210-21U" which was recrystalliaed from ^ butanol 
to give about 0.1 g. of 2,8-dibroadibenzothiophene} m.p. and mixed 
m.p. 220-221*. 
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Dibenaothiophene derivatlYes and related coiiS)ound8 
Metalatlon of dlbenaothiophene-S-dioxlde with n"btttylll thiua» 
Run X* ^ suspension of 2X.6 g* (0*1 nole} of dibenzo-
thiophene-5-dioxide in 100 ml, of ether was added 91.8 lal. of a 
1.308 M ether solution of ^ butyllithixim (0,12 molej prepared as usual 
in 78»i;/S yield) at such a rate that the vigorously exothermic reaction 
caused only gentle refluxing ihO minutes). A bright red color 
developed imediately and gradually darkened during the reaction. 
The mixture had become homogeneous by the time all of the ^ butyl-
lithium had been added. The mixtur e was stirred and refliixed gently 
227 229 for one hour, at which time Color Test I was positive and II ^ i 
t 
negative, then carbonated and hydrolyzed as usual. A total of 6.7 g. 
of gumniy solid was filtered from the hydrolyzed reaction mixture before . 
the layers could be separated satisfactorily. No attei^t was made to 
identify the material. Acidification of the aqueous layer gave an 
acidic gum which could not be made to crystallize. Ho purification was 
achieved by steam distillation, super-heated steam distillation, or 
vacuum sublimation. Removal of the solvent from the dried ether layer 
gave only a szaall amount of syrupy material which was not identified. 
Run II. A suspeMion of ^>.8 g. (0.025 mole) of dibenzothio-
phene-5-dioxide in 250 ml. of ether was cooled to -10° in an acetone-
Dry-Ice bath. To this cooled solution was added predetermined portions 
of a 1.20 M ether solution of n-butyllithium (0.09 mole total) at such 
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a rate that the ter^rature did not rise above -10 . Color Test I 
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was positive throughout, while Color Test II was negative after 
a total of 1»2, 1.8, 2.I4 and 3.6 equivalents of n-butyllithium had been 
run in. After a total reaction time of 3*5 hours the solution was 
carbonated and worked up as \isual. The product obtained by acidifi­
cation of the aqueous layer was very gtimjqy. It was dissolved in 
50 ml. of hot sodium hydroxide, filtered hot, cooled, and acidi­
fied. Filtration gave 0.3 g» of white, shiny product which melted 
at 385-388' with decoE^josition. The coaqjound was insoluble in alcohol, 
water, benzene, and glacial acetic acid. A neutral equivalent was 
obtained with difficulty by dissolving a sas^le of the acid in excess 
hot standard sodium hydroxide, then back-titrating the excess base 
with standard acid. A value of 272 was obtained which is in agree­
ment with the calculated value of 272 for a dicarboxydibenzothiophene* 
Removal of the solvent from the ether layer gave only a siaall amount 
of pleasant-smelling liquid which was not identified. 
In order to obtain further data concerning the isolated acid, 
an attempt was made to oxidize the conpound. To a refluxing 
suspension of a small amount of the acid in 15 ml. of glacial acetic 
acid was added 5 ml. of 30^ aqueous hydrogen peroxide. An additional 
5 ml. of peroxide was added alter a 30-minute reflux period, and after 
refluxing an additional one hour, the ndjcture was allowed to stand 
overnight^ Filtration yielded only a small amount of very white 
material which melted sharply at 391+-395*. A miared melting point 
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with the starting acid (m»p. 385-388°) was 386-390*. It was concluded 
that no oxidation had occurred. 
Run III» A total of 8U.0 ml. of a l,2i!+2 H ether solution of 
0.105 mole(^,2 equivalents) of n-butyllithiua (prepared in the customary 
manner in yield) was added in predetermined portions to a 
stirred suspension of g, (0.025 mole) of dibenzothiophene-5-
dioxide in 250 ml. of ether. The temperature of the reaction mixture 
was maintained at -65* to -70* by cooling in an acetone-Dry Ice bath, 
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Color Test I was positive throughout while Color Test II did not 
remain positive on prolonged stirring until after 3.0 equivalents of 
the organometallic compound had been znm in, A pink color slowly 
developed which had turned to a bright red by the end of a total 
reaction time of 9,0 ho\irs. The mixture was then carbonated and 
hydrolyzed as usual. It was necessary to filter off considerable 
suspended solid before the aqueous and ether layers could be 
separated satisfactorily. The solid was identified as 2,9 g, 
recovery) of piire dibenzothiophene-5-dioxidej m.p, and mixed m.p, 
23ii-235*» Removal of the solvent from the dried ether layer gave 
an additional 1.7 g. {29*3%) of recovered dioxide melting at 23ii-235'* 
The total recovery of starting material was 79»3%» Acidification of 
the alkaline solution gave less than 0,1 g, of white, finely divided 
product melting at 332-33U* with prior softening at 325-330°. 
Although the product was not purified, it was tentatively identified 
as li-carboxydibens5othiophene-5-dioxide since a mixed melting point with 
authentic material (m,p, 337-338°) was 333-336°, 
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Run IV» The procedtire for this run waa the same as in Run III 
except that the tenqjerature of the reaction mixttire was maintained at 
-20* to -25' throughout and that a 1.175 M ether solution of n-butyl-
lithium waa used. A total of 3*0 equivalents of organomtallic 
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coH?)ound was added. Color Test I was positive throughout while Color 
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Test II did not remain positive on prolonged stirring until all 
three equivalents had been i*un in. After a total reaction time of 11 
hours the very dark red homogeneous solution waa carbonated and 
hydrolyzed in the usual way. Acidification of the alkaline layer 
caused the precipitation of a very gumitty acid irtiich was filtered off 
and dissolved in hot k% sodium hydroxide. On cooling the alkaline 
solution, a flaky, white material appeared. Filtration yielded 0.8 
g. (10.1^ yield of a disodium salt of a dicarboxydiben20thiophene-5-
dioxide) of white material which on ignition was found to decou^ose 
without melting. The product was soluble in water. Tests showed that 
phenolphthalein and methyl red were Tuisatisfactory indicators for 
titration of the disodium salt with standard acid, but that n»thyl 
orange and thymol blue were apparently satisfactory. A 0.1655 g. 
sample of the acid material was dissolved in 30 ml. of water and 
titrated with 0.1963 H sulfuric acid, using thymol blue as the indicatcar. 
Since the free acid precipitated during the titration, it was necessary 
to filter the solution before the end-point was reached then finish the 
titration. A total of 5*36 ml. of acid was required (after subtracting 
a blank). The resulting neutral equivalent of 315 is in very good 
agreement with the value of 316 calculated for a dicarboxydibenzothio-
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phene. Acidification of the alkaline filtrate from the disodium salt 
yielded 0.7 g. (10.3/2 yield of U,6-dicarboxydibenzothiophene-$-<iioxide) 
of white, finely divided product melting at 390-391"• The total yield 
of product was 20A conpletely satisfactory neutral eqxiivalent 
was finally obtained by using a hot ethanol solution of the acid. 
Anal. Celled, for 3, 10.neut. equiv., 30U. 
Found; S, 10.5» neut. equiv., 308. 
These analyses thus indicate a dicarboxydibenzothiophene-S-dioxide. 
228 The infrared spectrum of the acid showed absorption at 5.9^, 8.6^, 
and 13.1^, characteristic of the carbonyl group, the sulfone group, 
and 1,2,3-substitution of a benzene ring, respectively. The absence of 
a band between 1^ and characteristic of 1,2-substitution, 
indicates substitution in both benzene rings. The absorption band 
coroffionly observed for the sulfoxide group was also absent. The 
infrsured spectrum of the disodium salt of the acid showed absorption 
at 6.2^, B,7^, and 12.87^, characteristic of the carbonyl group, 
the sulfone group, and 1,2,3-substitution of the benzene ring, respect­
ively, The bands indicating 1,2-substitution and the presence of the 
sulfoxide group again were absent. 
Sun ?. To a stirred suspension of 10.8 g. (0.05 mole) of 
dibenzothiophene-5-dioxide in J4OO ml. of ether cooled to -30" was added 
UO.9 ml. of a 1.221 H ether solution of n-butyllithium (0.05 molej 1.0 
equivalent). The mixture was stirred at -20° to -25" for 6 hours 
227 229 during which Color Test I was positive. Color Test II ^ was 
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negative, and the solution gradually became deep red in color. Garbon-
ation and hydrolysis were effected as usual. It was necessary to filter 
off considerable ether- and alkali-insoluble material before the layers 
could be satisfactorily separated. Filtration of the acidified water 
layer yielded 10.3 g» (slightly wet) of white product melting at 
295-305*. Recrystallissation from methanol gave 2.8 g. of 
U-carboxydibenisothiophene-5-dioxide melting at 328-331". Recrystal-
lisation from dioxane gave 2.3 g. of pure material (17»7^)j ni.p. and 
iBlxed m.p. 338-339°. Removal of the solvent from the dried ether layer 
gaj^e, after recrystallization from glacial acetic acid, 2.2 g. (20.U^ 
recovery) of dibenzothiophene-S-dioxide melting at 231-232*j identified 
by ;,he method of mixed Belting points. The yields of acid based on 
the anfflunt of dibenz0thi0phene-5-di03cide actually uaed were 27.0^ crude 
and 22.3^ pure. 
Run VI. This run was the same in all respects as Run V 
except that 2.0 equivalents of n-butyllithi\ua were used. Carbonation, 
l^drolysis, and acidification were carried out as usual. Filtration of 
the acidified alkaline layer gave 7.8 g. (slightly wet) of product 
melting at 330-33li*. Two digestions with methanol left 1.9 g. of 
residue laelting at 378-3814° which was recrystallized from dioxane to 
give 0.6 g. of white product (U.OjS yield of ii,6-dicarboxydibenzothio-
phene-5-dioxide)j m.p. and mixed m.p. with the ja-oduct from Run 
391-392°. From the methanol filtrates there was isolated 2.6 g. 
(20.1^) of pure l4-carbo3Qrdibenzothiophene-5-dioxidej m.p. and mixed 
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m.p. 337-338°, Removal of the solvent from the dried ether layer left 
only a small amount of pleasant^szeelling oil. 
Metalation of diphenyl sulfoxide irith n-butyllitfai\ua« The several 
iMtalations of diphenyl sulfoxide irith n-butyllithitua were cairied out 
in the sasae general manner# ISie following procedure was used unless 
otherwise noted. The desired amount of an ether solution of n-butyl-
lithium (prepared in the usual way) was added slowly to a stirred 
solution of 5 g» (0.025 mole) of diphenyl sulfoxide in 250 ml. of 
ether at such a rate that the tein|)erature did not rise above -70* 
(internal)• The temperature was controlled by laeans of an acetone-
Dry Ice bath. Color tests on the initial run showed Color Test 
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to be positive throughout while Color Test II did not become 
positive until three equivalents of the organometallic coj^ound had 
been run in. The solution becai^ very turbid on adding the first few 
lal. of n^butyUithium. IHirther addition of the organometallic compound 
caused a pink color to appear that changed to deep red by the time 1.0 
equivalent had been added. On adding more n-butyllithium, the red 
color disappeared, and by the time 2.0 equivalents had been added the 
solution was light amber |uid clear)• Garbonation, hydrolysis, 
separation of layers, and acidification of the aqueous layer were 
carried out as usual. If no solid appeared, the acid solution was 
extracted with ether, and the resulting ether salution was extracted 
first with 8/6 sodium bicarbonate, then with 10^^ sodium hydroxide. The 
resulting alkaline solutions were acidified, and if no precipitation 
occurred, separately extracted with ether. Removal of the solvent fro® 
102 
the dried ether layere yielded acid residues. The yields of benzoic 
acid which are given are based upon a reaction which produces one 
molecule of benzoic acid for each molecule of diphenyl sulfoxide used 
up, 
Rxm I, In this run the teisperatxire was maintained at -20" to 
-25"| 3.5 equivalents of a 1.282 M ether solution of n-butyllithium 
were used, and the total reaction time was five hours. No product 
was obtained from the ether layer from the sodium l:yrdroxlde extraction. 
The ether layer from the bicarbonate extraction yielded about 1 ml. 
of liquid with a pungent odor. Most of the taaterial was used in 
unsuccessful attei^ts to cause the precipitation of a solid. Kemoval 
of the solvent from the reaction mixture ether layer left about 2 ml. 
of a pleasant-smelling liquid that was not identified. 
R\m II. Three equivalents of n-butyllithium (1.3ii7 M ether 
solution), a ten5)erature range of -35* to -30", and a total reaction 
time of 5.75 hours were used. No residue was recovered from the ether 
layer from the sodiiua hydroxide solution. The ether layer from the 
bicarbonate extraction gave about 8 ml. of a liquid smelling strongly 
of valeric acid. Crystallization was finally effected by first cooling 
in an acetone-Dry Ice bath until a glassy solid had formed, then allowing 
to warm slowly with stirring. It was found necessary to cover the filter 
paper of a Buchner funnel with Dry Ice in order to carry out a satis­
factory filtration. If this precaution was not observed, most of the 
precipitate redissolved. filtration by this procedure gave 0.9 g. 
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(28.8^) of crude benzoic acid melting at 110-119*» RecrystalliKation 
from water gave 0.3 g. (9.6^) pure acidj ni,p. and mixed m«p. 122-123°. 
The remaining acidic liquid was distilled to give as a first fraction 
20 1.6 g. of liquid which had a micro-boiling pcint of 16?*, l.ii.310. 
Although the index of refraction is about 0.1^ too low for thiophenol, 
the b.p. is quite close. Two unsuccessful atteEg)ts were made to 
prepare the 2,li-dinitrophenyl phenyl sulfide derivative of thiophenol 
231 by the method of Bost, Turner and Norton. The second fraction of 
distillate was an additional 0.8 g. of benzoic acid. The total 
crude yield of benzoic acid was 5k*h%» Removal of the solvent from 
the ether layer from the reaction mixtiire gave about 2 ml. of a 
pleaaant-saelling liqxiid which was not identified. 
Run III. Using 2.2 equivalents of n-butyUithim and the 
same procedure as in Run II, there was obtained about S jbI. of an 
acidic liquid from which was isolated 1.3 of crude benzoic acid 
(lt2.0^) melting at 110-115°. Recrystallization from water gave 0.5 g. 
(16.1^) of ptire acid J m.p, and mijced m.p. 122-123*. The acidic liquid 
filtrate was vacuum distilled to give two liquid fractions of 1.2 g. 
distilling at 60-70V35 am. (n^l.ii288) and 0.8 g. distilling at 85-
20 
IOOV35 Km. (Hjj 1.U6U8) and a solid fraction of 0.8 g. distilling at 
I6O-I65V35 am. which was recrystallized from water to give 0.3 g. 
Bost, J. 0. Turner and R. D. Norton, J. Am. Ghem. Soc., 
^ 1985 (1932). 
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(9»7^ of pure benzoic acid. The total crude yield of benzoic acid 
was 67.8$. Removal of the advent from the reaction mixture ether 
layer left about 1 ml. of a pleasant-smelling liquid idiich was not 
identified. 
Run 1Y» The conditions for this run were the same as in 
R\m III except that a ten^jeratiore of -70° to -75° was used. The 
total reaction time was three hours. About 6 ml. of an acidic liquid 
was obtained from which was isolated 0.8 g. (25•8/6) of crude benzoic 
acid (9*7% pure). Initial vacuum distillation with a short-path 
column gave a liquid fraction distilling below 120°/35 am* and 0»5 g 
(16.1^) of nearly pure benzoic acid. The total crude yield of 
benzoic acid was kl»9%» Micro distillation of the liquid fraction gave 
20 
two fl*actions distilling at I7O-I7U* which weighed 1.0 g. (i^ l.ii250) 
and three fractions distilling at 175* which weighed 0»7 g* (n^ 1.U985). 
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Atteu^jts to prepare a p-toluide derivative of each fraction were 
unsuccessful. Removal of the solvent from the reaction mixture ether 
layer gave about 1 ml* of an unidentified pleasant-smelling liquid. 
Run V. In this run 0.5 equivalents of a 1.073 M ether 
> 
solution of n-butyllithium was used, a tenperature range of -30° to 
-25° was maintained, and the total reaction time was four hours. About 
1 ml. of an acidic liquid was obtained from which no solid could be 
made to precipitate. Vacuum distillation likewise yielded no solid. 
^^^R. L. Shriner and R. C. Fuson, "The Systematic Identification 
of Organic Corapounds", John liYiley and Sons, Inc., New York, H. Y., 
19i40, p. 132. 
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Micro vacuum distillation gave four small fractions irith indexes of 
refraction of 1.U613, I.USIO, l.li600, and I.l46ii8# Identification was 
not coii5)leted» From tte ether layer of the reaction mixtxire there 
was isolated 2.8 g, {Sht recovery) of diphenyl sulfcocide. 
Rma VI« f«ro equivalents of a l.itlQ M ether solution of 
^butyllithium were used in this run at -70" to -75*» The total reaction 
time was six minutes. Acidification of the alkaline layer gave 1.6 g. 
of pure benzoic acid (S1.6jil)j m.p. and mixed m.p« 122-123*. The \isual 
ether extraction, followed by extraction with bicarbonate and bydro-
xide of the resulting eth^ solution, acidification of the alkaline 
solutions, and ether extractions gave about 6 ml. of acidic liquid 
from which an additional 0.3 g. of nearly pure benzoic acid melting at 
119-121* was isolated (9*7$)• A second cold filtration gave 0.3 g* more 
of benzoic acid (9.7J5)f m.p. 117-1^°. An initial vacuum distillation 
gave 1.3 g* of liquid boiling below UXi'/2$ mm. and 0.3 g« of benzoic 
acid melting at 119-121* (9*7^)• The total crude yield of benzoic acid 
was 80.7^« Micro vacuum distillation of the remaining acidic liquid 
gavs as the main product five fractions boiling at 86-89*/20 mm. which 
had a total weight of 0.3 g» and whose indexes of refraction varied from 
l.Itl92 to l.it202. An attes^t to prepare a ^ toluide derivativeyield­
ed a few crystals of material which, after two recrystallizations from 
diluted ethanol, melted at 98-99"* The above physicauL constants do not 
correspond to those for any of the normally expected products. Removal 
of the solvent from the reaction mixtwe ether layer left a small 
amount of pleasant-smelling liquid which was not identified. 
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Rm VII. One equivalent of a l.iil8 M ether solution of n-
butyllithium was used in this run which was carried out at -70° to -75° 
for two hours. About 3 nil. of an acidic liquid was isolated from which 
was obtained 0.3 g» (9*7%) of benzoic acid. The remaining acidic 
liquid was micro vacuum distilled to give five liquid fractions whose 
boiling points varied from 92 to 120 V20 imn. and iriiose indexes of 
refraction varied from l.hUlO to 1.U826. From the reaction mixture 
ether layer there was isolated 0.8 g. (16.0^ recovery) of diphenyl 
sulfoxide} m.p. and mixed m*p. 70-71*. 
Run VIII. This run was identical fith Sim VII except that 
the reaction mixture was carbonated as soon as the one equivalent of 
organometallic had been added. From the acidic liquid there was 
isolated a total of I.I4 g. of pure benzoic acid. Micro vacuum 
distillation of the remaining liquid gave five unidentified fractions 
whose boilir^ points were from 75° to 95°/l8 mi* and whose indexes of 
refraction ranged from l.lt250 to l.li^US. From the reaction mixture 
ether layer there was recovered 2.1; g. (i|8^) of the starting diphenyl 
sulfoxide. 
Run IX. In this run 20 g. (0.10 mole) of diphenyl sulfoxide 
in 600 lal. of ether was used with 2.0 equivalents of a 1.256 U ether 
solution of n-butyllithium at -70® to -75" and with a total reaction 
tin» of 25 minutes. From the acidic liquid there was obtained 2.9 
g. (23.ii^) of nearly pure benzoic acid melting at 120-121.5** 
Vacuum distillation of the remaining liquid gave four fractions whose 
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boiling points varied from 8S" to 105*A0 "''O whose indexes 
of refraction ranged from 1«U195 to l.ii390, a fifth fraction boiling 
at 110" to 125°Ao to 15 mm* with an index of refraction of I.U608 
and a final solid fraction of 1.0 g. (8.1^) of benzoic acid» The liquid 
fractions could not be identified* The total crude yield of benzoic 
acid was 3i.5^» Removal of the solvent from the reaction laixture 
ether layer left about 5 nil. of pleasant-snselling liquid which was 
micro distilled. The major portion of product passed over at 80-85"| 
l.ii85l. These pijysical constants do not correspond to those of 
any of the normally expected products. 
Metalation of diphenyl sulfone with n-butyllithium. The general 
procedure followed in the laetalations of diphenyl sulfone with 
^butyllithium differed only in minor detail from that en^loyed in the 
corresponding metalations of di^jhenyl sulfoxide. Eleven grains (0.05 
iBole) of diphenyl sulfone suspended in $00 ml. of ether was treated 
with the desired amoimt of n-butyllithiura at -25* to -30* unless 
22? 
otherwise noted. Color Test I was positive throughout, but Color 
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Test II did not remain positive on prolonged stirring until 3.0 
equivalents of the organometallic coispound had been run in. The mixture 
becaiae yellow-orange in color during the addition of the first equiv­
alent of n-butyllithium, orange-red during the addition of tha second 
equivalent, and a deep red by the time three or more equivalents had 
been admitted, Garbonation, hydrolysis, separation of layers, acidif­
ication of the aqueous solution, extraction of the acid solution with 
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ether, and resoval of the solvent from the dried etha: layer were carried 
out in the ciiBtonary laanner. The acid residue was purified by re-
crystallization if a solid, or distillation if a liquid. Identification 
of the solid acids was accon^jlished by the method of mixed melting 
points. 
R\m I. One equivalent of n-butyllithium wasused in this 
run, and the total reaction time was 1.5 hours. The crude acid weighed 
6,3 g. {h8*2% yield of £-carbo:iq/"diphenyl sulfone) and melted at 132-
138®. Digestion with benzene and filtration while hot left a small 
amount of insoluble residue which was recrystallized from glacial 
acetic acid diluted with xylene to give 0.2 g. of nearly pure o,o'-di-
carboxydiphenyl sulfone melting at 217-218.5"« J^om the benzene 
fillarate there was isolated 5»U g* (ij.l*2^) of nearly ptire o-carboxy-
diphenyl sulfone melting at llt5-lU6,5"j identified by the method of 
mixed meltii^ points. Further recrystallizations raised the melting 
point to lit6-lli.7*. Removal of the solvent from the reaction mixture 
ether layer gave 2.U g. (21.85^ recovery) of slightly isgjure diphenyl 
sulfomj m.p. 12U-125»5". Based on the amount of sulfone actually used, 
the yield of acid was i>2.5^» 
Run II. This run was made with two equivalents of n-butyl-
lithium and a total reaction period of U.5 hours. Nine grams (58.2JC) 
of very crude o,o'-dicarboxydiphenyl sulfone was isolated which melted 
« 
at 165-1714". Digestion with benzene and filtration wMle hot left 7*5 
g, of product melting at 200-210*. Three recrystallizations from glacisQ. 
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acetic acid yielded li.O g. (25.9)^) of piire dicarboxy aateriali m.p. 
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and mixed m.p. 221-222®. Infrared absorption measoireiaents on this 
coiBpound gave bands at 5.7"^ and 5.9yu-, 8.73yvc » and 13.17^ and 
33.^/u.» characteristic of the carbonyl group, sulfone group, and 1,2-
substitution of the benzene rings, respectively. 
Anal. Calcd. for neut. equiv., 306,3j S, 10.1^8. 
Found! neut. equiv., 308.6, 313.2, 308.U, 307.Uj S, lO.Sitj 10.57* 
From the benzene filtrate there was isolated 1.2 g. (9.2^) 
of o-carboxydiphenyl sulfone melting at litl-li|.3'. Hecrystallization 
from benzene gave 0.7 g. (5.35o) of pure materialj m.p. and mixed m.p. 
11i6-1U7®. No starting material was recovered. 
Run III. A total of 3.0 equivalents of n-butyllithium was 
used, with a total reaction time of 3*0 hours. In the same manner as 
in Run II there was obtained 0.9 3. (7.6^ of a laonocarboxy sulfone 
Halting at Ili3-lli3'' and 1^.6 g. (30.1}S) of a dicarboxy sulfone salting 
at 220-221®. One-tenth of a gram of very crude unreacted diphenyl 
sulfone was recovered. 
Run IV. For this ejcperiment, li.O equivalents of ^ butyllithium 
were added and 3.5 hours were used for the reaction. The acidic material 
isolated was a ndxture of liquid and solid. Filtration gave 3.9 g. 
(25.5^) of 0|0'-dicarb0xydiphenyl sulfone melting at 216-219" which was 
recrystallized from glacial acetic acid to yield 3*3 g. (21.6^) of pure 
20 productj m;,p. and mixed m.p. 220-221*. The acidic filtrate (n^ I.3U60) 
weighed 0.7 g. and on tl^ basis of its odor and index of refraction was 
ajjo 
probably a udxture of valeric acid and water, Rrom the reaction 
Bdxture ettier layer there was isolated O.U g. of unidentified material 
melting at 175-185*. 
Eun 7, This experiment was identical with Run IV except 
that the tei^eratiire was maintained at -70° to -75" throughout and 
that the total reaction tiiae was 5«0 hours* Valeric acid ^ .dentified 
by odor and b.p.) was isolated in yield, and o-carboxydipher^l 
sulfone was obtained ±n 7,7% yield. An additional very small amount 
of acidic material melting above 200® was also isolated, From the 
reaction Mixture etiier layer there was recovered 21.8^ of the starting 
mterial. 
Dibenzofuran and derivatives 
lie taxation of dibenaofuraa, 
Ifetalation with lithium. 
Run I, The experiiaental procedure given by Bradley^ 
was followed Hot this reaction. One-tenth of a mole (16,8 g,) of 
dibenzofuran which had been well-desiccated over sulfiiric acid, 0,22 
g, atom (1,5 g«) of lithiUE, and 200 nil, of purified and sodiunndried 
dicacane was heated to slow refltix and rapid stirring was aaintained. 
The reaction ndxture turned brick red inaaediately. After stirring 
and refluxir^ for 12 hours, the mixtvire was filtered hot through a plug 
of glass wool to remove a few particles of unreacted lithium. The 
Ill 
cooled solution was hydrolyzed by carefully adding a water-dioxane 
mixture, then aost of the solvent was removed by distillation under a 
water-puap vacuum. The still-pot residue was acidified with 3 N 
hydrochloric acid and extracted with ether# Removal of the solvent 
from the dried ether layer gave a residual oil which was vacuum distilled 
to yield a total of 12.9 g» (77*2%) of o-i^droxydiphenylj; m.p. 5U-56" 
and mixed m.p. with authentic material (m.p. 57-58°) • 
R\m II. This reaction was carried out in a manner 
identical to Run I except that an atmosphere of nitrogen was used. The 
results were easentially the same. 
Run III. This experiment was the same as Run II except 
that the reaction was terminated by carbonation in the xisual manner. 
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Color Test I was negative throughout. I^ydrolysis and removal of 
most of the dioxane solvent were carried out as above. The remaining 
residue was treated with SXI ml. of sodium hydroxide, then extracted 
with three l50-ml. portions of ether. The combined ether layer was 
washed twice with l(X)-Hnl. portions of k% sodium hydroxide. Removal of 
the solvent fi-om the dried ether layer yielded 11.1 g. (65.2;i£ of 
slightly inpure £~hydroxydiphenyl melting at 53-55° which gave k mixed 
melting point with authentic material (m.p. 57-59") of 55-57*. The 
combined alkaline layer was warmed on a steam-bath, filtered hot, cooled 
in an ice~bath, and acidified with 6 N lydrochloric acid. Filtration 
gave 2.6 g. (15*3^) of nearly pure o-hydroxydiphenylj m.p. and mixed 
m.p. 56-57". The total yield of o-hydroxydiphenyl was 80.5^. 
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Run I?. This run was the sasje as Run III except that the 
dioxane was replaced with 200 ml. of ether and the total reaction time 
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was 22 hours. Color Test I was positive at the ^d of 8, 18, and 
22 hours. An additional 150 nsl. of ether was added at the end of 16 
hours to replace the solvent iriaich had been carried off in tte slow 
stream of nitrogen. Carbonation, hydrolysis, and isolation of products 
were carried out as in Run III. From tiie alkaline solution there was 
obtained 12.6 g. {6ii,3^) of impure 3,lt-benzocouiaarin (the lactone of 2'-
hydroxy-2-diphenylcarboxylic acid) aelting at 80-86®. The product 
was recrystallized from 150 uil. of ethanol (Norite) to yield 3.2 g. 
233 (16.3^) of white needlesj itt»p. and mixed m.p. 9$-96'* Reduction in 
the voluEse of the fillarate gave 3#3 g» (16.95^) of pure product melting 
at 95-96*. Dilution of the filtrate while hot with hot water, cooling, 
and filtration yielded 2.7 g. (13*8^) of nearly pure materialj m.p. 
93-95*. The total yield of pure and nearly pTore 3,li-benzocoujaarin was 
U7.0^. Removal of the solvent from the dried ether layer from the 
reaction mixttire gave 2.5 g. (lk»9% recovery) of dibenzofiiran melting 
at 78-81"| identified by the method of mixed melting points. The 
yield of 3,li-benzocoTimarin based on the ^ount of dibenzofiiran which 
actually reacted was 75*7^ crude and 55*2^ pure and nearly pure* 
authentic san^jle of 3,li-benzocoumarin was prepared in 
18.7^ yield by the procedure of R. S. Gahn, J. Chem. Soc., II4OO (1933). 
Cahn reports a la.p. of 9li-95° and yields of "20-2217 
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Preparation of li-hydroxydibengofuran by metalation with n-
btttyllithium. The procedure follcwed in this preparation was 
5 9 
essentially that given by Cheney and by Hogg. To a stirred sus­
pension of 121 g» (0.71Ii mole) of dibenzofuran in 300 ml. of ether was 
added 5$0 ml. of a 1,2? M e-Uier solution of ^ butyllithium {G.71h raolej 
prepared in the usual way). The solution was stirred and refluxed for 
18 hours, then cooled to -2° in an ice-salt bath. The tecperature was 
maintained beloif--5" while 0.71ij mole of n-butylmagnesixm bromide 
was added and the resulting solution was stirred for l.j? hours. The 
cooling was continued while oxygen was swept over the surface of the 
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stirred solution untxl a Color Test I was negative (ID hours). The 
resulting mixture was hydrolyzed with iced 6 H hydrochloric acid and 
the layers were separated. The water layer was washed several times 
with ether, and the combined ether layer was extracted with % sodium 
hydroxide until no turbidity developed in an acidified portion. The 
alkaline solution was digested with Norite, filtered hot, and cooled 
in an ice-bath. Acidification and filtration yielded 59*8 g. {k$*2%) 
of pure U-hydroxydibenzofuranj m.p. and mixed m.p. 99-100'. Reiaoval 
of the solvent from the dried ether layer yielded 25.5 g* of recovered 
dibenzofuran (21.U^)| m.p. and mixed m.p. 83-3ii,*. The yield of it-
hydroxydibenzofuTMi based on the amount of dibenzofuran which actually 
reacted was S7.$J^« 
;;v:. ' 
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Ifetalation of 2t8~dichlorodibeazofttran with ii-tattyllithium 
(attempted), To a stirred suspension of ll(.2 g. (O.O6 Bole) of 2,8-
dichlorodibenzofuran in 100 ml. of ether was added O.O6 mole of n-butyl-
lithium in 6$ ml. of ether (prepared in the usual loanner) at such a 
rate that a spontaneous gentle reflux was maintained. After an 
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additional one hour of refluxir^ over a hot-plate a Color Test II 
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was negative and Color Test I was positive. Garbonation, hydrolysis, 
separation of layers, and acidification of the water layer were 
effected in the usual manner. Filtration yielded a small amount of light 
brown material which melted indefinitely between 175" and 205°. The 
product was not identified. Due to the accidental breaking of the 
flask containing the ether layer, no starting material was recovered. 
Phenoxathiin and derivatives 
Metalation of phenoxathiin. 
Metalation with n-butylllthium. One-tenth of a mole of n-
butylithium in 72 ml. of ether (prepared in the custoiaary manner in 
77.8^ yield) was added rapidly to a stirred suspension of 20.0 g. 
(0.1 mole) of phenoxathiin in i)0 ml. of ether. After stirring and 
refluxing for 2li hours, the mixture was cooled in an ice-salt bath. 
Preparation of Ij-hydroxyphenoxathiln. One-tenth mole of 
n-butylmagnesium bromide was added to the cooled mixture prepared above 
at such a rate that the ten^jerature did not rise above -2*. The result­
ing mixture was stirred and cooled for one hour, then oxygen was 
us 
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swept over the surface until a Color Terjt I was negative (12 hours). 
HS^drolysis was carried out with iced 6 N hydrochloric acid. The acid 
layer was extracted well with ether and the resulting coiabined ether 
layer was extaracted with sodiuia hydroxide until an acidified sample 
gave no precipitate. Acidification of the coiabined alkaline solution 
and filtration gave 10.1 g» (1^6.7^) of light tan product melting at 
85-91®, liepeated recrystallizations from methanol and petroleuia 
ether (b.p. 77-115") raised the melting point to 98-99° and gave a 
final pure yield of 3*5 g« 
Anal. Calcd. for Found* S, 1U«75, 114.97. 
Removal of the solvent from the reaction mixture ether layer left 
only a small amount of pleasant-smeUing liquid. 
Itetalation of phenoxathiln~10~oxide with n~butylli thiun. A 
suspension of 5.ii S* (0.025 mole) of phenoxathiin-lO-oxide in 250 ml. 
of ether was cooled to -30', and 7k ral. of a 1.3it5 M ether solution 
of n-butyllithiuffl (ii.O equivalentsj prepared in the usual way in 87.5$ 
227 yield) was added in predeterndned portions. Color Test I ' was 
positive throughout the reaction period, but Color Test 11^^^ did not 
remain positive on prolonged stirring until 3.5 equivalents of the 
n-butyllithium had been run in. After a total reaction time of 3.0 
hours, the light amber solution was carbonated in the usual niajmer. 
%drolysis, separation of layers, acidification of the water layer, and 
filtration were carried out as usual to give h»6 g. of a light yellow 
product which melted at 185-206®, Hepeated recrystallizations from 50^ 
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acetic acid raised the melting point to 223-22k*» The aaterial was not 
identified. Reiaoval of the soJyent from the reaction mixture ether 
layer yielded only a siaall amount of pleasant-sioelling liquid. 
Thianthrene 
Mstalation with n-butyllithium. The procedure followed in this 
aietalation was essentially that given by Gilraan and Stuckwisch.^ To 
a stirred suspension of 21.6 g. (0.1 mole) of thianthrene in SO ml. of 
ether was rapidly added 92 ml. of a 1.198 M ether solution of n-butyl-
lithixm (0.11 mole; prepared in the customary manner in 75*8^ yield). 
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Color Test was positive, and Color Test II was negative after 
the mixture had been stirred and refluxed for 22 hours. 
Preparation of l-hydroxythianthrene» The solution of l-thian» 
threnyllithium prepared above v^as cooled to -2" by means of an ice-salt 
bath, 0.1 mole of n-butylmagnesium bromide was slowly added, and the 
resulting mixture was cooled and stirred for one hour. While maintain­
ing the internal tea^jerature below -2", oxygen was swept over the 
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surface of the reaction mixture until Color Test I became negative 
(11.0 hours). The mixture was ly'drolyzed with iced hydrochloric acid, 
the layers were separated, the acid layer was washed well with ether, 
and the combined ether layer was extracted with 5^ sodium hydroxide 
until no precipitate appeared when a test portion was acidified. 
Acidification of tho combined alkaline layer and filtration gave 5.0 g. 
(21,6;&) of 1-hydroxythianthrene melting at 7li-82'. The product was 
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foiind to be soluble in methanol, ethanol, hot dioxane, hot butanol, 
and hot carbon tetrachloride, but insoluble in water and Skelly D. 
Sumerous tests showed that satisfactory crystallization could be 
obtained only from Skelly D» Repeated recrystallizations from Skelly 
D raised the melting point to 117-118*. The pure yield was O.U g* 
(1.7^). 
Anal. Calcd for C3^032» S, 27.60. Founds S, 27.62, 27.71. 
Removal of the solvent from the reaction laixture ether layer 
yielded 6.8 g. of unreacted thianthrene 01*$% recovery) melting 
at 151-153°. Based on the amount of thianthrene actually used up, 
the crude yield of 1-hydroxythianthrene was 31.5^ and the pure 
yield was 2.5^. 
Preparation of phenyllithium in dioacane 
To a stirred suspension of l.ii. g. (0.2 g. atom) of lithium 
in $0 ml. of dioxane was added 10 ml. of a solution of 15*7 g. (O.l 
mole) of bromobenzene in $0 ml. of dioxan®. Within 5 minutes a slight 
turbidity developed and the mixture became warm. A Color Test 
was strongly positive, l^ie remainder of the bromobenzene solution was 
added at an even rate over a period of 15 minutes. The mixture became 
quite warm, but did not reflux. A Color Test I was again strongly 
positive. After stirring smd refluxing for one hour the mixture was 
carbonated as usual when a color test was found to be negative. The 
carbon dioxide-free material was hydrolyzed with a small amount of water, 
ajid most of the solvent was removed by distillation under a water-puiap 
118 
vacTiuia. No atten5)t was made to isolate possible cleavage products 
from the distillate. To the residue was added 100 ml. of 2% sodium 
hydroxide. After shaking vigorously, the mixtxire was extipacted with 
three 75-inl, portions of ether. The combined ether layer was washed 
once with 50 ml. of 1^ sodium hydroxide, dried, and the solvent removed 
by distillation. The residue remaining was insufficient for recovery. 
The combined alkaline layer was wamwd on a steaia-bath, filtered hot, 
cooled in an ice-bath, and acidified with 6 N hydrochloric acid. No 
turbidity developed, no solid precipitated, and the solution had no 
definite odor* 
Reaction of dioxane with n~butyllithium 
To 50 ml. of an ether solution of n-butyllithium (about 1.0 M) 
was added 2$ ml. of dioxane. A white precipitate formed immediately, 
and the solution refluxed spontaneously for about 5 minutes. A Color 
Test^^^ was positive at the end of 0.1, 0.5, 1.0, 2.0, 3«0, and 5«0 
hours, but negative after stirring overnight at room temperature (15 
hours total). 
Oxidation Reactions 
Oxidation of dibenzothiophene 
The following are descriptions of typical preparations in which the 
procedure used was such as to give optimum yields of the desired 
diben2othiophene-5-oxide or -dioxide. The results obtained by using 
various other conditions have been reported elsewhere. 
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Preparation of dibenaothiophene~5-oxide» Into a 2^0-ffll. three-
necked flask equipped with a stirrer, a reflux condenser, and a 
theraometer were placed 20.0 g. (0«109 mole) of dibenzothiophene, 75 
ml. of glacial acetic acid, and 62 ml* (0*60 mole) of 30% aqueous 
hydrogen peroxide. The stirred mixture was warmed to 106" (reflux 
temperature of the mixture) and heated at this tei^erature until the 
mixture became homogeneomi (J+ iain.)» A hot plate placed about one-
half inch below the reaction flask and turned to "high" heat was used. 
Stirring and heating were iiantediately discontinued, and the reaction 
flask was cooled in a cold water bath imtil refluxing ceased. The 
condenser, stirrer, and thermometer were removed, and the solution was 
poured into 200 ml. of water contained in a 600-ml. beaker and stirred 
with a stirring rod. The reaction f3.ask was rinsed once with a few 
ml. of glacial acetic acid. The mixture was stirred while the beaker 
was cooled in a bath of running tap water until room tenperature was 
approached (5 ain.). The white solid was filtered off with suction 
and washed three times with water. The air-dried crude product 
weighed 20.9 g« and melted at 17it-l80*, The material was 
dissolved in the minimuffl amount of refluxing benzene (300 ml.). The 
resulting solution was filtered while hot through a steam or hot water 
heated funnel. As considerable precipitate appeared in the filtrate, 
it was again refluxed to solution and allowed to cool slowly to room 
teugjerature. Best results were obtained if the hot-plate was singly 
turned off and the solution left suspended above it until cool. Fil­
tration gave 17.2 g. (78.8^) of white platelets of essentially pure 
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dibenzothiophene-5-oxide which melted at 186-187Reduction in the 
volume of the filtrate to about 75 ml, (by distillation) yielded 3*3 g* 
(15»1^) of less pvire mteriali m.p. 181-183"• The identity of both 
fractions was established by the method of zaixed melting points. 
Preparation of dibftnzothiophene-5~dioxide. Into a 250-ibI. three-
necked flask equipped with a stirrer, a reflux condenser, and a 
thermoiaeter were placed 20.0 g. (0.109 mole) of dibenzothiopehen, 7S 
ml. of glacial acetic acid, and 62 lol. (0.60 mole) of 30^ aqueous 
hydrogen peroxide. The stirred mixture was warmed to 106* (refliix 
ten^jerature of the mixture) and heated at this teuperature for one hour. 
The ndxture became homogeneous in U min., and a copitis precipitate 
appeared at the end of 12 min.. Stirring and heating were then 
discontinued, and the mixture was allowed to stand overnight at room 
temperature. The long white needles were filtered off with suction 
and washed three tiiaes with glacial acetic acid. The pure dibenzo-
thiophene-5-dioxide weighed 22.6 g. (97*2^)} m.p. and mixed m.p. 
232-233'. 
In another experiment the mixture was refluxed for a total of 
thirty minutes, then poured into 200 ml. of water contained in a 600-ml. 
beaker and stirred with a stirring rod. The white solid was filtered 
off with suction and washed three times with water. The air-dried 
crude product weighed 23«3 g* (99*25?) and melted at 228-230°« The 
material was dissolved in the minimum amo\mt of glacial acetic acid 
(200 ml.). The resulting solution was filtered while hot through a 
steaia- or hot water-heated funnel. As considerable precipitate 
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appeared in the filtrate, it was again refluxed to solution, and 
allowed to cool to room ten^jerature. Best results were obtained if 
the hot-plate was sii^ly t\irned off and the solution left suspended 
above it until cool. Filtration yielded 19»5 g* (81.8^) of pure 
dibenzothiophene-5-dioxide} m.p. and mixed m.p. 232-233** Dilution 
of the hot filtrate with an equal volume of lio-; water followed by 
cooling and filtration gave an additional 2.1 g. (6.9^) of pure 
product} m.p, and mixed m.p. 232-233*. 
Oxidation of phenoxathiin 
The following are descriptions of typical preparations in which 
the procedure used was such as to give optimum yields of the desired 
phenoxathiin-lO-oxide or -dioxide. The results obtained by using 
various other conditions have been reported elsewhere. 
Preparation of phenoxathiln-lO-oxide. 
Method I. A stirred mixture of 20 g. (0.10 mole) of pheno­
xathiin and 75 ml. of glacial acetic acid was heated to 100* (the mixture 
became homogeneous between 80* and 90*). To the hot solution was added 
62 ml. (0.60 mole) of ^0% aqueous hydrogen peroxide, and heating was 
continued until the teD^serature reached 106* and the solution was re-
fluxii^ vigorously. The stirring and heating were then immediately 
stopped, the flask was cooled slightly, and the solution was poured into 
250 ml. of water contained in a 600-ml. beaker and stirred with a stirring 
rod. After cooling to near room temperature in a cold water bath, the 
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white solid was filtered off and washed three times with water. The 
crude material weighed 21.U g. (99*0%) and melted at 132-liiO*» Re-
crystallization from 100 ml. of benzene gave a first crop of 12.6 g. 
(58.3.^ of pure phenoxathiin-10-oxide| m.p. and mixed m.p. l!?2-153*. 
Reduction in the volume of the filtrate to 25 ml. by distillation 
gave 1.6 g. i7»k%) of less pure material melting at m6-lS0°. Dilution 
of the hot filtrate with an equal voltime of Skelly D, followed by 
cooling and filtration yielded 6.6 g. (30«S$) of in5)ure product which 
melted at 118-129°. 
Method II. A mixtixre of 10.0 g. (0.05 mole) of phenoxathiin 
and 2S0 ml. of at^olute ethanol contained in a 500-ml. erlenmeyer flask 
equipped with a reflux condenser was brought to reflux on a steaia-bath 
and 30 ml. of 30^ aqueo\ia hydrogen peroxide was added. After refltixing 
for three hours, an additional 20 ml. of peroxide was added, refluxing 
was continued for 9 hours more, and the solution was allowed to stand 
overnight at room temperature. The volume of the solution was reduced 
to about 75 ml. by distillation and the remaining solution was diluted 
hot jT;st to turbidity with hot water. Cooling and filtration yielded 
10.8 g. (98.1^) of pure phenoxathiin-lO-oxidej m.p. and mixed m.p. 
152-153'. 
Preparation of phenoxathiin-lO-dioxide. Into a 250-ml, three-
necked flask equipped with a stirrer, a reflux condenser and a ther­
mometer were placed 20.0 g. (0.10 mole) of phenoxathiin, 75 ml. of 
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glacial acetic acid, and 62 ml. (0.60 mole) of 30^ aqueous hydrogen 
peroxide. The stirred laixture was warsaed to 106" (refliix tei!5>erature 
of the solution) and heated at this temperature for one hour. The 
sdxture became homogeneous between 00* and 90* and remained so for the 
entire period of heating. Stirring and heating were then discontinued 
and the solution was allowed to stand overnight at rooBi teB^}erature* 
Filtration gave 20,0 g. (86.2^) of long white needles of pure pheno-
xathiin-lO-dioxidej m.p. and Mxed m.p, liiT-liiS'. Dilution of the 
hot filtrate with hot water, foUwed by cooling and filtration gave 
an additional 2.S g. (10.8;^) of nearly pure mterial melting at 
Iii6-llt7', Recrystallization from glacial acetic acid gave a pure 
coB^ound. 
It was found that the reaction mixture could be poured into 250 
lal. of water at the end of 30 minutes of reflux to give a product of 
equal yield but of somewhat lower purity than that obtained by the 
above process. One recrystalliaation from glacial acetic acid, 
however, produced a pure product. 
Oxidation of U~broiBOdibenzothiophene 
To a refluxing solution of 1.3 g* (0.005 mole) of li-bromodibenzo-
thiophene in $0 ml. of glacial acetic acid was added 2 ml. of 30^ 
aqueous hydrogen peroxide. The color of the solution gradually beca^ 
yellow then brown. After refluxing for one hour an additional 2 ml. of 
peroxide was added and refluxing was continued one hour more. Filtration 
of the cooled mixture yielded 0.3 g. of white needles melting at 
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202-203°* Reduction in the volume of the filtrate gave 0.5 g» of 
brownish granxilar material melting at 201-202,5** The total yield 
of li-bromodibenzothiophene-5-dioxide was 0.8 g. The infrared 
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spectrua of the cosg)ound showed bands at 8.6^c# and 
13.^, characteristic of the sulfone group, 1,2-substitution and 1,2,3-
substitution, respectively. B^jads indicating the presence of a 
sulfoxide group were absent* 
Anal. Calcd. for 0228702^®*** 27.1. Foundi Br, 26,9, 27*1, 
Qicidation of 2, B-dibromodibenzothiophene 
A stirred suspension of 27,h g. (O.O8 mole) of 2,8-dibroinodi-
benzothiophene in 3$0 «il» of glacial acetic acid was heated to just 
below reflux teisperature without obtaining ccanplete solution. To the 
hot suspension was added I4O ml. (0.32 mole) of 30^ aqueous hydrogen 
peroxide. The mixture was then stirred and refluxed for 1.5 hours 
dijring which the suspended material became very finely divided and much 
heavier. An additional 20 ml. (0.16 mole) of peroxide was then added, 
and stirring and refluxing were continued for 1*5 hours more. The 
mixture was cooled and the white product filtered off aiid dried in air. 
The slightly impure 2,8-dibromodibenzothiopheae-5"*dioxide weighed 28.5 
g. (95.3^) and melted at 357-360*. The product was digested one hour 
with boiling dioxane and then cooled slowly in air. Filtration yielded 
26,5 g. (88.6^) of white finely divided, pxire dioxidej s.p. 360-361*. 
This yield of pure product is higher than any reported in ti^ literature 
OOPi (see Discussion section of this thesis). The infrared spectrum showed 
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absorption bands at 8.5^ and 2.!^ and 12. characteristic of the 
sulfone group and l,2,li-substitution, respectively. 
Oxidation of li-dibenzothiophenecarbosiyllc acid 
A stirred suspension of it.6 g. (0.02 mole) of ii-dibenzothiophene-
carboxylic acid in 100 ml. of glacial acetic acid was heated to reflux 
without effecting coaplete solution. Ten ml. of 30% aqueous hydrogen 
peroxide was added to the hot mixture, and stirring and refluxing were 
continued. The mixture became homogeneous by the end of 8 jnin., and a 
precipitate began to form at the end of 15 ndn. After a total of one 
hour of stirring and refluxing, an additional 10 ml. of peroxide was 
added, and the reaction was allowed to proceed one hour longer. The 
ndxture was cooled over-night, then filtered to yield ij»l g. (90.1^) 
of finely divided, shiny crystalline material aelting at 33U-337". The 
coiiq)ound was insoluble in hot nethanol, glacial acetic acid, and acetone, 
and only a slightly soluble in hot dioxane. Digestion with 100 ml. of 
aeetoiie and filtration while hot left ii.9 g. of insoluble pxire ii-carboxy-
dibenzothiophene-5-dioxide| m.p. 337-338°. The melting point of a small 
ssm^jle was not raised on recrystallizing from dioxane. The infrared 
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spectrum of this acid showed absorption at 5»8lyC/t, 8.68yu, 13.0^, 
and 13 characteristic of the carbonyl group, the sulfone group, 
1,2,3-substitution, and l,2-3ubatitution of the benzene ring, respect­
ively. 
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Oxidation of it-dibenzothiophenecarlxaxamide 
To a stirred and refluxing solution of 7.0 g» (0.0308 mole) of 
It-Kiibenzothiophenecarboxaoide in 200 nil. of glacial acetic acid was 
added 10 ml. of 30$ aqueous hydrogen peroxide. After l.J? hours of 
stirring an additional 10 ml. of peroxide was added, and the reaction 
was allowed to continue one hour more. The volume of the solution 
was then reduced to about 100 ml. by distillation. From the cooled 
mixture there was filtered 6.2 g. (77»5i«) of it-dibenzothiopehecartaoxa-
aide-S-dioxide melting at 236-238°* Dilution of the filtrate with 
water yielded an additional 1.8 g, (22.5^) of ii!5)ure material; m.p. 
223-228*. Hecrystallization of the first fraction ftora glacial acetic 
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acid failed to raise the melting point. The infrared spectrxim showed 
absorption at 8,62/^, 12.98yt<, and 13.l5yu., characteristic of the 
sulfone group, 1,2,3-, and l,2-sub8titution, respectively. Bands 
characteristic of the amide group were present at 2.98^, 3.2yu., 
6.1^> and 6.3'^. Bands indicating the presence of a sulfoxide group 
were absent. 
Anal. Calcd. for CjjI^O^KS: S, 12.37. Foundt S, 12.21, 11.96. 
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Ood-dation of Ojo*-dicarboxydiphenyl sulfide 
Preparation of OtO'-^icarboxydiphenyl sulfoxide* 
Peroxide oxidation* A mixture of l.li g. (0.005 mole) of 
o,o'-dicarboxydiphenyl siilfide and 25 ml. of ethanol was refluxed on 
a steam bath vintil solution was complete. To the hot solution was 
added tro ml. of 30% aqueous hydrogen peroxide. After refluxing for 
3*0 hours an additional one ml. of peroxide was addad^ and refluxing 
was continued for 3»0 houi'S more. An equal voluM of hot water was 
added slowly to the hot solution and heating was discontinued. 
Filtration of the cooled mixture gave 1,0 g. i71»k%) of pure 
o,o'-dicarbosydiphenyl sulfoxide melting at 310-311 
Permanganate oxidation. The following procedure is essen-
23li tially that used by Mayer for the reported preparation of o,o«-
dicarboxydiphenyl sulfone (see sulfone preparation below, and also. 
Discussion section of this thesis). One gram (0*0036 mole) of o,o*-
dicarboxydiphenyl sulfide was dissolved in a very slight excess of 2% 
sodivua hydroxide, and the resulting solution was diluted to 30 ml. with 
water. A warm solution of 0.8 g. (0*005 mole) of potassium permanganate 
in 100 ml. of water Tias added, and the resulting solution was warmed 
overnight in a steam bath. The precipitated mamganese dioxide was 
filtered off to leave a clear, colorless solution. The filtrate was 
acidified with a solution of sodium bisulfite to which had been added 
Mayer, Ber., lO, 58U (1910). 
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excess 6 N hydrochloric acid. Ho solid product was obtained until the 
volume of the solution was reduced to about 2$ lal. Filtration gave 0.8 
g. of brown flakes which nielted at 215-229®. Repeated recrystalliaations 
from glacial acetic acid diluted with xylene resulted in a total yield 
of pure o,o'-dicarbo^ydiphenyl sulfoxide of 38.1^j m.p. 312-313** An 
extensive search of tte various filtrates did not reveal presence of 
any other coinpound. 
Pareparation of o»o' -dicarboxydiphenyl sulfone. 
Peroxide oxidation of o,o»-dlcarboxydiphenyl sulfide. A 
mixture of about 1.0 g. of o,o*-dicarboxydiphenyl sulfide and 15 al. of 
glacial acetic acid was refluxed to give con^jlete solution of the 
sulfide. To the slightly cooled solution was added 3 ial» of 30^ 
aqueous hydrogen peroxide. After refluxing for 30 min., an additional 
1.0 ml. of peroxide was added, refluxing was continued for 30 min. 
longer, and the solution was allowed to stand overnight at roora 
teaaperature. No product was obtained tmtil the volume of the 
solution had been reduced to about 1 ml. The crystals were dissolved 
in 5 ml. of glacial acetic acid and the resulting solution was 
digested with Norite, filtered hot, and cooled, filtration yielded 0.3 
g. of small rectangular plates which melted at 220-221°. 
Peraapganate oxidation of o>o*-dlcarboxydiphenyl sulfide. 
23U 
The following procedure is essentially that reported by Mayer (see, 
however, the preparation of jo,o'-dicarboxydiphei^l sxilfoxide described 
above). One gram (0.0036 mole) of o,o'-dlcarboxydiphenyl sulfide was 
dissolved in a very slight excess of 2% sodium hydroxide and the 
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solution was back-titrated with 3 N hydrochloric acid xintil the 
precipitated acid j\ist redissolved. A warm solution of 0.9 g» 
(0.006 mole) of potassium permar^anate in 100 ml. of water was added, 
and the resulting solution was warmed overnight on a steam bath. 
The precipitated manganese dioxide was filtered off giving a clear 
permanganate colored filtrate. A solution of sodium bisxilfite which 
had been made strongly acid with 6 H hydrochloric acid was added until 
the filtrate was colorless and acid in reaction. Tte solution was 
evaporated to a volume of about 25 ml., filtered hot, and cooled in 
air. Filtration yielded 0.7 g. (63,6^) of impiire material melting at 
216-219*. One recrystallization from glacial acetic acid diluted 
with an equal volume of JCylene gave O.li g. (36.1+^) of p\ire 30'-
dicarboaydiphenyl sulfone melting sharply at 220-221°. Xte melting 
point reported by Uayer was 137*. 
A check r\m using the above procedure gave essentially identical 
results. 
Peroxide oxidation of Ojo*dicarboxydiphenyl sulfoxide. To a 
solution of about 0.1 g. of o,o'-dicarboxydiphenyl sulfoxide in 5 ml. 
of glacial acetic acid wais added one ml. of 30^ aqueous hydrogen 
peroxide. After standing for li8 hoxirs the solvent was removed under 
a water-pump vacuum by distillation from a steam bath. The residue was 
recrystallized from glacial acetic acid diluted with an equal voliune of 
xylene to give nearly 0.1 g. of product melting at 212-215*. Two 
recrystallizations from the same solvent pair raised the melting point 
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to 220-221°. A Bjixed melting point with the sulfone prepared by 
pez*inanganate oxidation was not depressed. 
Oxidation of o-carboxydiphenyl sulfide 
About 0.1 g. of 2-carboxydiphenyl sulfide (o-phei!(ylsaercapto-
t 4 
benzoic acid ) was dissolved in 5 ml. of glacial acetic acid. One 
ral, of 30^ aqueous hydrogen peroxide was added, and the solution was 
allowed to stand at room temperature for ii8 hours. The solvent was 
resroved under a water-puiap vacuum by warming on a steam bath. The 
remaining residue was recrystalUzed from 5 ml. of benzene to give 
nearly 0.1 g. of o-carboxydi|jhenyl sulfone (o-«benzenes\ilfonylbenzoic 
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acid which melted at 139-1^2*. Two recrystalliaations from benzene 
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raised the melting point to lit6-lii.7°# The reported melting point 
is U^-lUi'. 
Halogenation Reaotions 
Monochlorination of it-*hydroxydibengofuran 
To a solution of 9*2 g. (0.0$ aK}le} of l^^hydroxydibenzofuran and 
0*1 g. of iodine in 200 ml* of chloroform contained in a $00-ml« flask 
equipped with a motor stirrer, a dropping funnel, and a reflux condenser 
closed with a calcium chloride tube was added dropwise a solution of 6*8 
g. (0*05 mole) of sulfuryl chloride in $C ml. of chloroform (15 min.). 
235k. E. 
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The color of the solution gradually changed during the addition of the 
sulfuryl chloride from a deep red to a light amber. After stirring at 
room tenperature for minutes the solution was allowed to stand over­
night (red color returned), then refluxed 1.5 hours. The solvent was 
removed by distillation leaving a pink solid which was dissolved in 
35 nil, of boilir^ methanol. The solution was digested with Norite, 
filtered hot, diluted hot with hot water to strong tiirbidity, and 
cooled in air. Filtration yielded 8.3 g. (85.3^2) of l-chloro-ii-
hydroxydibenzofuran melting at 65-105°. Purification was effected by 
a laborious scheme of systematic fractional recrystallization^^^ from 
carbon tetrachloride which involved over fifty steps. A total of 1.5 
g. (11.8^) of pure product was obtained which melted at 151|-155*« 
228 
The infrared spectrum showed absorption bands at 3.0yu.and 13 
characteristic of the hydroxyl group and 1,2-aubstitution in the 
benzene ring, respectively. The presence of the latter group indicated 
substitution in only one benzene ring* 
Anal, dilcd. for 03^^8702011 01, 16.2. Foundt 01, 16,3, 16.2. 
Dichlorination of ij-hydroyydibenzofiiran 
A solution of 8.6 ml. (0.10 mole) of sulfuryl chloride in 50 ml. 
of chloroform was added dropwise over a period of 30 minutes to a 
stirred solution of 9.2 g. (0.05 mole) of it-hydroxydibenzofuran in 200 
lal, of chloroforisi. The reaction flask was closed with a drying tube. 
The solution was stirred at room temperature for 3 hours, then refluxed 
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for 1,5 hours (until there was no fxirther evidence of hydrogen chloride 
being evolved). After the solvent was removed by distillation, the 
remainir^ grey residue was taken up in the fflinimum ajoount of refluxing 
carbon tetrachloride (250 ml.), and toe resulting solution was digested 
with Norite, filtered hot through a heated funnel, and allowed to 
cool slowly. The copius precipitate of white needles was filtered off 
yielding 6,6 g, ($2*0%) of product melting at 158-159»5'» One re-
crystallization from carbon tetrachloride gave 1^.6 g, (36.2^) of pure 
l,3-dichloro~li-l^ydroxydibenzofuran} m.p. l60-l6l*. The infrared 
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spectrua showed absorption bands at 3*li^and 13 characteristic 
of the hydroxyl group and 1,2-3ubstitution of a benzene ring, rebpesct-
ively. The presence of the latter band indicates substitution in only 
one benzene ring. 
Anal. Calcd. for CI, 27.8. Found: CI, 27.5, 27.8. 
Oblorination of l-chloro-J^-hydroxydibenzofuran 
To a solution of 0*22 g. (0.001 mole) of the monochloro-U-hydroxy-
dibenzofuran in it ml. of chloroform was added with stirring 1.1 ml* of 
a solution of 0.5 lal. of sulfuryl chloride in 6 ml. of chloroform, i.e., 
OJD85 nl, (0.0015 iiK)le) of sulfuryl chloride. The resulting solution 
was stirred at room temperature for 1.5 hours, then just below reflux 
tenperature for 1.5 hours. After removing the solvent by distillation 
under a water-punp vacuum the residue was taken up in the minimum 
amount (5 ,ml*) of boiling carbon tetrachloride. From tie cooled mixture 
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there was obtained 0.15 g» (60»0^ yield) of p;ire l,3Tdichloro-li«hydroxy-
dibenzofuranj m.p. and mixed m.p, with the l,3-dichloro-4i-hydroxydibenzo-
furan I6O-I6I*. An additional 0«08 g, of iapiire material was obtained 
from the filtrate (32»0^) which melted at 157-158Tlw total yield 
of product was 92,0^, 
Chlorlnation of dibenzofuran 
Preparation of 2»S-dichlorodibenzofuran by chlorlnation with 
sulfuryl chloride (attempted). 
Run I. To the light aaber aolution of 81+.0 g. (0.5 laole) of 
dibenzofuran in 25t) ml. of chloroform was added with stirring smd heat­
ing a solution of 85 ml. (1*05 mole) of sxilfuryl chloride in 100 bO.. of 
chloroform. The solution was refluxed until the evolution of hydrogen 
chloride had ceased (3*5 hoxirs). The solvent was removed by distillation 
and the resulting light tan residue was recrystallized from dilute 
methanol to give 82.14 g. (98.0$) of dibenzofuran} m.p. 78-8O" and 
mixed m.p. 79-80,$", 
Bun II. This run was made in the same manner as Run I except 
that 2.5 g# of aidnydrous aluminum chloride was added to the solution of 
dibenzofuran prior to the addition of the sulfuryl chloride. There 
was recovered 78.1 g. (93.0/S) of the starting dibenzofuran. 
Rim III. The chloroform used in Run II was replaced with 
carbon tetrachloride, otherwise the conditions were the saae. Consider­
able tarry material was formed that resisted atten^jts at purification, 
and 71»l4^ of the initial amount of dibenzofuran was recovered. 
Rreparatlon of 2«8~dlchlorodlbei»ofuran chlorlnatlon ?rith 
2^ 6 
chlorine. The procedure previously used in this laboratory •* for the 
preparation of 2f8-dichlorodiben8ofuran was followed except that a 
tm crystals of iodine were added to the reaction laixtxire and that the 
product was recrystallized only from chloroform. The yield of pure 
material melting at 18U-18S* was 22»7%» 
Preparation of 2j8~dlbromodibenzothiophene 
The following procedure is a modification of that reported by 
7li 
Neumoyer and Amstutz for the preparation of 2,8-dibromodibenzothio-
phene. To a suspension of 0.1^ mole (73*6 g*) of dibenzothiophene and 
1.0 g, of iron powder in 250 ml. of carbon tetrachloride was added 
dropwise 0.90 mole (2li3»6 g*J 1*8.0 ml.) of bromine over a period of 
30 minutes. The solution was stirred at room ten5)eratui*f for U hours, 
during Triiich %±iae a heavy precipitate began to form, then allowed to 
stand overnight without stirring, and finally stirred and refluxed 
for an additional U hours. Filtration of the cooled mixture gave lOli.9 
g. (76.6^) of crude 2,8-dibromodibenzothiophene melting at 20lt-.211*. 
One recrystallization from toluem yielded 62.1 g. of productj 
m.p. 217-220®. A second recrystallization gave 60.1i g. (Uii.2^) of pure 
2,8-dibromodiben2othiophene which melted at 225-226®. The best yield 
7ii previously reported was iiOj© of somewhat impure material melting at 
H. Oilman, G. E, Brown, W. 0. Bywater and W. H. Kirkpatrick, 
£* is* ^ hem. Soc., ^  2k73 (193h)» 
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228 225-228®. The infrared spectrum showed absorption at 12. indicating 
1,2,14-substitution of a benzene ring. The absence of bands character­
istic of 1,2-substitution indicated that both benzene rings were 
substituted. 
Nitraticm Reacti(»ia 
Hitration of 2,8-dibroaodibengothiophiene 
Run 1» To a stirred suspension of 6.8 g. (0.02 mole) of 2,8-
dibromodibenzothiophene in 75 al. of glacial acetic acid iras added 
dropwise k ml. of fvuaing nitric acid (d. l.ij.-1.5). As there was no 
evidence of reaction, the mixtTire was slowly warmed to 100® over a 
period of l.S hours and heated at 100-105* for an additional 0.5 hours. 
The contents of the reaction flask were then poured into 300 ml. of 
water. Filtration of the cooled mixture yielded 6.9 g. of light yellow 
product melting at 223-231°» Recrystallization from glacial acetic 
acid gave 5*5 g. of i^covered pure 2,8-dibromodibenzothiophene (80.i4,^)j 
m.p. and mixed m.p. 223-22^*. Reductions in the volume of the filtrate 
yielded 1.0 g. of material melting indefinitely in the range 250-262". 
Repeated recrystallizations from glacial acetic acid failed to raise the 
melting point above 263-268®. 
Run II. A lun?)y mixture of 6.8 g. (0.02 mole) of 2,8-dibromodiben2o-
thiophene and 10 ml. of concentrated sulfuric acid was cooled under the 
tap while the solution of 5 ml» of concentrated nitric acid in 5 »il. of 
sulfuric acid was added. The solids rabidly dissolved and the 
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temperature rose to 90* before the reaction was brought under control 
by cooling under the tap. After the vigorous reaction had subsided, 
the solution was heated on a steaai bath for 20 minutes with stirring. 
A precipitate rapidly fonaed. When precipitation had ceased, the 
mixtiire was poured onto cracked ice and filtered to give 8.9 g. of 
light yellow product melting at 281-287*. Hecrystallization from 
glacial acetic acid rjave U.U g. (ij8.9^) of crude dinitro-2,8-dibroiao~ 
dibenzothiophene-5-oxide melting at 29li*-302*. Four digestions with 
acetone left a residue that melted at 301-30U°. This product was 
recrystallized from glacial acetic acid to yield 2.1 g. (23.3^) of 
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short yellow needlesj m.p. 312-313*. The infrared spectrum showed 
absorption at 9.^ and 11.5/^, characteristic of the sulfoxide group 
and of a tetrasubstituted benzene ring, respectively. Bands indicating 
the presence of a sulfone group were absent. The absence of bands 
characteristic of 1,2~substitution indicated that both benzene rings 
were substituted. 
Anal. Calcd. for 35*7* Found* Br, 36.0, 
35.6, 35.6, 35.1;. 
The analytical values foxind for bromine are thus in good agree­
ment with the theoretical value for a dinitro«2,8-dibroinodibenzo-
thiophene-5-oxide. 
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Run 111, In this nm the procedure used by lamashiro for the 
mononitration of 2,8-dibromodibenaofuran was followed# Seventeen ml, 
of concentrated nitric acid (d. I»h2) was added to 6.8 g, (0.02 lojle) 
of 2,8--dibromodibenzothiophene. The resiilting mixture was slowly 
warBied to 50° and heated at this ten^jerature for one hour. After 
pouring onto cnished ice filtration yielded 8.2 g. of yellow product} 
la.p. 220-233®* Recrystallization from glacial acetic acid gave li.U 
g. of recovered 2,8-dibroiaodibenzothiophene (6k»2%)» Repeated di­
gestions with acetone of the material obtained from the glacial acetic 
acid filtrate di not give a pure product, and subsequent recrystal-
lizations £rom dilute acetic acid failed to raise the melting point 
above 263-270*. 
Run Vft This run was carried out in the same manner as Run III 
except that 80 lal. of fuming nitric acid (d. 1.52) was used. The crude 
product weighed 8.U g* and B»lted at 278-299*. Four recrystallizations 
from glacial acetic acid gave 2.2 g. (2U«W) of pure 3»7-dinitro-2,8-. 
dibromodibenzothiophene-5-oxidej m.p. and mixed m.p. 312-313*• 
Run V. The same procedure was used as in Run IV except that a better 
grade of fuming nitric acid (Baker-Adaais, C.p.) was used* The yield of 
crude product melting at 283-292* was 7*8 g. (86.7^11), and two recrystalli­
zations from glacial acetic acid gave 5.0 g. (55«6jS) of p\a*e 
2'?7 ^ 
S. lauiashiro. Bull. Chem. Soc. Japan. 17. 76 (I9I42) /^C. A., 
u., w487 iiski 17. 
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3.7-ciinitro-2,8-dibroiaodibenzothiophene-5-oxide} m.p. and mixed ra.p. 
312-313 *• The results of this rm were checked. 
Nitration of 2«8«<iibroiaodlbenzothlophene-$-dioxide (attempted) 
Rm I. To a stirred suspension of 7.5 g» (0.02 mole of 
2.8-dibromodibenzothiophene-S-dioxide in 75 ml. of glacial acetic 
acid was added dropwise I4 ml. of fmning nitric acid (d. l.U-1.5)» 
stirred mixture was slowly vermd to 100* over a period of one hour 
and heated at 100-105* for one hour laore. After pouring into water 
and cooling, filtration gave 7*5 g« (lOOJ^ recovery) of pure 2,8-
ditoonwdibenaothiophene-S-dioxidei m.p. and mixed m.p. 361-362*. 
Run II. A mixture of 7.5 g* (0.02 mole) of a 2,6-dibroDK»di-
benzothiophene-5-dioxide and 10 ml. of concentrated sulfuric acid was 
cooled \mder the tap, and 5 ml. of concentrated nitric acid in 5 lal. of 
concentrated sulfuric acid was added. The teiiperatur e spontaneously 
rose to 55*. When the ten^jeratiire began to fall the mixture was warmed 
on the steam-bath for 15 minutes, then poured onto cracked ice. Fil­
tration yielded a very light yellow material which melted and decoB»-
posed at 322-331". Recrystallizations from glacial acetic acid, diluted 
dioxane, toluene, and acetone failed to give a pure product. One very 
small fraction of material was obtained which melted at 331-333* and 
gave a mixed melting point with starting material (m.p. 360-363?) of 
323-327". Ho pure compound was isolated or identified. 
139 
Condensation Reactions 
Preparation of U«'^bidibenzothiegyl (attempted). 
Run I. n-Butyllithitm (0,175 mole in 160 al. of ether) was 
prepared in the usual manner and added rather rapidly (12 min*) to a 
stirred solution of 26.6 g. atole) of dibenzothiophene in ^  
nil. of etherAfter refluxing for 20 hours, ti» mixture was 
allowed to come to room ten5>eratwe. To the cool, stirred solution of 
li-dibenzothienyllithium was added in small portions through a Liebig 
type condenser 25.6 g. (0.19 laole) of anhydrous cupric chloride. The 
reaction flask was iaimersed occasionally in an ice-bath in order to 
dissipate the heat generated by the reaction# The solution gradually 
turned from light amber to nearly black. After the addition of the 
cupric chloride had been completed and the vigorous reaction had 
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subsided, the solution was stirred and refluxed until a Color Test I 
was negative (2 hr.). The mixture was decoo^sed by pouring onto ice, 
and the water layer was made stroi^ly acid with concentrated hydro­
chloric acid. The layers were separated, and the ether layer was 
extracted with dilute hydrochloric acid until tiie absence of a green 
color in the acid layer showed that all of the cupric chloride had been 
removed. A large amount of insoluble material that remained suspended 
at the bottom of the ether layer was filtered off, air-dried, and found 
to melt at 1^-159" and to weigh 11.1 g. Kuanerous solubility tests 
lUo 
were run on this material with only ethanol, acetone, and glacial acetic 
acid showing promise of being satisfactory* Ethanol and acetone were 
found to be unsatisfactory when larger runs were made. The use of 
glacial acetic acid a^ppeared to be satisfactory, but after three 
recrystallizations the product still melted over a three degree range 
of 180-183* with prior shrinking. Three additional recrystallizations 
from the same solvent did not change the melting point. In addition, 
steam distillation and Soxhlet extraction with Skelly D failed to 
in^jrove the purity of the product. Removal of the solvent from the 
dried (sodium sulfate) ether layer yielded a gum from which 1»5 g« of 
solid was obtained by crystallization from ethanol| m.p. Ii4.3-li49". 
This solid fraction also could not be purified by recrystallization. 
Run II. This experiment was essentially the same as Run I. In 
ether solution of 0.092ii mole of n-butyllithium was xised to n®talate 
17 g* (O.O92U mole) of dibenzothiophene. Addition of the cupric 
chloride (13.7 g.j 0.1016 mole), refluxing (1+5 min.), and hydrolysis 
were carried out as above. Very little solid remained suspended in 
the ether layer. The layers were separated, and the water layer was 
washed twice with I50~ml. portions of ether. The combined ether layer 
was washed with water, lOjS soditim carbonate solution, and again with 
water, dried over sodium sulfate, and freed of solvent by distillation 
from a steam-bath. The crude material weighed 6*1; g. and melted at 
lh2-l$2'. As in Run I recrystallization from glacial acetic acid 
failed to give a pure product* 
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Run III. This jrun was a duplicate of Run II in all respects. 
Attempts were made to purify the crude product by prolonged Soxhlet 
extraction with Skelly D, by steam distillation, and by vacuum subliia-
ation« Although the last method of treatment did yield a small amount 
of sublimed dibenzothiophene, the main product showed no in^rovement 
in the melting point. 
Condensation of 2j8"dibromodibengothiophene--5-<iioxide with resorcinol 
(attempted) 
The procedure followed in the attenpted condensation was essen­
tially that used by Illuminati and Gilman^-^ for the reaction of 
resorcinol with various heterocycles containing "active" halogen atoms. 
In a 250-ml. flask equipped with a stirrer, thermometer, and a calcium 
chloride tube was placed 7.5 g. (0.02 mole) of 2,8-dibromodibenaothio-
phene-S-dioxide, 2.2 g. (0.02 mole) of resorcinol, aiad 10 ml. of 
quinoline. Couplete solution was not obtained even on stirring, 
heating to 100', and adding 10 ml. more of quinoline. The mixture was 
cooled in a tap-water bath and 3.0 g. (0.022 mole) of anjbiydrous aluminum 
chloride was added in small portions over a period of 10 minutes. There 
was no noticeable evolution of heat on removing the cooling bath, and 
no chatage in the dark amber color could be observed. The reaction flask 
was slowly warmed to ihS' and heated at Iii5-150* for 12 hours. The 
mixture gradimlly becacffi honrageneous and dark red, then very viscous 
and filled with a fine precipitate. Heating and stirring were 
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discontinued at the end of 12 hoiirs, and the laixture vas allotred to 
stajnd overnight. The solid was broken up and renoved raechanically 
after extraction with boiling ethanol, water, and acid had failed. 
The dark red material was treated with hot lOjC soditua l^ydroxide. 
Filtration while hot yielded an orange solid that srelted at 250-260". 
Treatment with dilute acetic acid again yielded the red material. 
RecrystaUization from dioxane resulted in the recovery of 6.7 g. (Q9»h%) 
of 2,8-dibroiBodibenzothiophene-5-dioxidej m.p. and mixed m.p. 360-361*, 
Condensation of 3»7-dinltro-2,8-dibroModlben80thiophene~5-O3d.de with 
reaorcinol (attempted) 
To a stirred mixture of 9»0 g. (0.02 iM>le) of 3,7-dinitro-2,8-
dilaromodibenzothiophene-S-oxide, 2.2 g. (0.02 mole) of reaorcinol, 
and 20 ml. of quinoline was added in small portions 3»0 g. (0.022 
mole) of anhydrous aluaintim chloride while cooling in a tap-water 
bath. The cooling bath was then removed, and the mixture was slowly 
warmed to IkS* and heated at lij.5-lS0' for 12 hours. To the cooled 
mixture was added ^ ml. of 1 N hydrochloric acid and 25 ad. of ethanol. 
On heating to about 60* the solid melted and a two-phase liquid sus­
pension was foriBBd. The suspension was poijred into about 500 ml. of 
water, and the resulting mixture was acidified with 6 H hydrochloric 
acid. Filtration yielded a dark brown, finely divided product which 
was stirred with liOO ml. of 8^ sodium hydroxide then filtered. Only 
inorganic, aluadnum-containing material was isolated from the alkaline 
m 
filtrate on acidification. Th« residue from the sodium hydroxide 
extraction weighed 6.5 g. and melted at 175-200*. One recrystall-
ization from dilute acetic acid raised the melting point to 2liS-260*, 
but subsequent recrystallizations from the same solvent gave no further 
in^rovement. The product was then tested with ethanol, dilute ethanol, 
dioxane, dilute dioxane, benzene, and toluene without finding a 
satisfactory medium for recrystallixation. 
Condensation of li-hydroxydibenzoftoran with formaldehyde (attempted) 
Condensations of 2-hydroxy-l,3-diinethylbenzene with formaldehyde 
by the method of Auwers^^^ using an alkaline medium and by the method 
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of Abel usii]^ an acid medium were successfully carried out in 
preliminary experiments. The yields of 5,5*-di-(2-hydro3iy-l,3-diii»-
hylphenyl)methane were about the same (70$ crudej pure), but the 
product from the experiment using an alkaline solution was the more 
easily purified. 
Run I. To a warm solution of 9.2 g. (0.05 mole) of ii-hydroxy-
dibenzofuran in 36 ml. of water containing I4.O g. of sodium hydroxide 
was added 3.8 g. of ItO^ aqueous formaldehyde (0.05 lOJle). After warming 
on the steam bath for 3»5 hours, the dark red solution was cooled 
slightly and acidified with 6 H hydrochloric acid. A dark green oil 
Aiiwers, Ber., IjO, 252!i (190?). 
Abel, ibid.. 25, 3ii77 (1892). 
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precipitated which could not be made to crystallize and was separated 
by decanting off the aqueous layer. The green residue was dissolved 
in 100 ml, of boiling methanol. The resulting solution was filtered 
hot giving a filtrate that was deep red to transmitted light and green 
to reflected light. The hot solution was diluted just to turbidity 
with hot water and cooled in air. A dark green gum again separated 
which could not be made to crystallize and -jrixich could not be 
satisfactorily crystallized from dioxane, carbon tetrachloride, Skelly 
D, or glacial acetic acid, A check run gave essentially the same 
results. 
Run n. A warm solution of 9.2 g. (0.05 mole) of U-hydroxy-
dibenzofuran in 3,!30 ml. of $0% acetic acid was shaken thoroughly with 
3.6 g. of hO% aqueous formaldel:grde (0.05 mole), than allowed to cool 
overnight. The nearly white, granular product (which began to form in 
about 15 minutes after addition of the formaldehyde) was filtered off 
and found to weigh U.5 g. and to melt indefinitely at 185-19$*. 
Progressive dilutions of the filtrate with water yielded 2.6 g. of 
material melting at 100-l60°, 0.9 g. melting at 101-102*, and O.li. g. 
melting at 101-102°. The last two fractions were identified as 
unreacted U-liy^oxydibenzofuran (lli.l^S recovery) by the method of 
mixed melting points. The initial product could not be purified by 
recrystallization from methanol, dilute methaiiol, or glacial acetic acid. 
Solution in dilute alkali followed by reprecipitation by acid 
similarly did not improve the melting point. 
Run III. This eaqperiment was carried out in the same aanner as Run 
n except that 2$0 blL. of $0% acetic acid was used, the solution was 
allowed to cool before adding the formaldehyde solution, and the 
reaction mixture was allowed to stand three days at room tengseratxire. 
Filtration yielded 2,3 g. of a light tan, fluffy product which melted 
indefinitely at 200-225° and co\ild not be piiurified either by re-
crystallization or by reprecipitation from an alkaline solution. Pro­
gressive dilution of the acetic acid filtrate gave a total of 3.6 g. 
(37*9% recovery) of ii-J^iydro3Qrdibenzofuranj m.p. and mixed m.p. 101-
102", 
Preparation of o,o*-dicarboxydiphenyl stdfide 
This preparation was made in essential accordance with the pro-
cedure used by Bebb for the preparation of an authentic sample of 
o-carboxydiphenyl sulfide. To a filtered solution of 2.8 g. (0.05 
mole) of potassiiim hydroxide in 75 ml. of ethanol was added ^ filtered 
solution of 7.8 g. (0.05 mole) of o-chlorobenzoic acid in 25 ml. of 
ethanol. After reducing the volume to aoout 25 ml. the hot solution was 
added to a warm mixture of the disodium salt of thiosalicylic acid and 
ethanol prepared by adding a solution of 7.7 g. (0»05 mole) of thio­
salicylic acid in 75 ml. of ethanol to a solution of 2.3 g. (O.l g. 
atom) of sodium in 50 ml. of ethanol. The solvent was removed by 
evaporation under a water-pump vacutua while warming slightly to remove 
the last traces. The residue was warmed to 120°, a pinch of copper 
IkS 
bronse was stirred in, and heating was contixmed tinder an air condenser 
until the teiqperature reached 250*. The mixture reaiained solid through­
out, and after heating at 250® for 5 lainutes, it was cooled and di­
gested with 100 ml* of 10$ sodituB l^droxide. The nearly black solution 
was digested with Horite, filtered hot, cooled, and carefully neutral­
ized with 6 N hydrochloric acid. Filtration yielded a slightly yellow 
product which melted at 218-223*. The slightly wet material was 
recryatalliaed from ^^lacial acetic acid to give 10.3 g. (75.1^) of 
nearly pure o,o*-dicarboxydiphenyl sulfide melting at 228-231*. 
Further recrystallizations raised the n®lting point to 233-23it*. 
Anal. Galcd. for neut. equiv., 27l4»3i S, 11.7. 
Found* neut. equiv., 275.0} S, ll.li, 11.7. 
Initial atteiEipts to prepare o, o«-dicarboaydiphenyl sulfide by the 
method of Mayer^^^ (two runs), by the method of Hinsberg^® (two runs), 
and following the general directions of Reinhalt(on© nm) and of 
Hunter^^'^^^ (one run) were unsuccessful. 
^®0. Hinsberg, ibid., 1877 (1910). 
2iil 
F. E. Reinhalt, J. FrankUn Inst.. 2U9. 2it8 (1950). 
2ii2 
B. A. amter, Doctoral Dissertation, Iowa State College, l^ljl. 
^^B. A. Hunter, loim State Coll. J. 1^ 215 (19Ul). 
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Rearrangesient Reactions 
Preparation of if»dibenzothiophenecarboxylic acid amide 
Sixteen grams (O.O? mole) of li-dibenzothiophenecarboxylic acid 
19? 
were converted to the U-dibenzothiophenecarboxylic acid chloride 
by dissolving in 26 ml. of freshly distilled thionyl chloride and 
refluxing for one hour# After removal of the excess thionyl cl'iloride 
by distillation, the crude acid chloride was allowed to stand overnight 
with 200 nfl-. of concentrated ammonivira hydroxide. Filtration yielded 
15»5 g» i9Q»h%) of crude amide melting at 2l40-2li2". ^o recrystall-
izations from dioxane gave 8.0 g. (50.8^) of p\ure li-dibenzothiophene-
carboxylic acid amidei m.p. 250-25l"» The infrared spectrua^^® showed 
absorption at 13.2y< and 13*3^* characteristic of 1,2,3- and 1,2-
substitution. Bands at 3*03^, 3«2yw» 6.0^, and GtZjx were those 
normally shown for the amide group. 
Anal. Galcd. for Cj^Hj^ONS: S, ll^.O?. Foundi S, 13.81. 
Preparation of ii-»aminodibenzothlophene by the Hofiaann reaction 
This preparation was made in essential accordance with the procedure 
pQ 
used for the preparation of U-aminophenoxathiir. by the Hofmann reaction* 
A solution of ii.3 g* (0.027 mole) of bromine and ij.3 g* (0.132 mole) of 
soditun hydroxide in biI. of water was added to a suspension of 5»0 g. 
(0.022 mole) of l^-dibenzothiophenecarboxylic acid amide in ml. of 
dioxane and 30 ml. of 10^ sodium carbonate. The solution was heated on 
the water bath for 12 hours, then cooled and extracted with ether. The 
crude aaiim hydroch]U>ride was precipitated by passing hydrogen chloride 
into the dried ether extract. Filtration gave 3.5 g. (6?.^^) of crude 
1^-aDd.nodibenzothiophene hydrochloride melting at 2li3-2it8*. This product 
was suspended in 500 al. of dilute (ItlO) ammonixua hydroxide and 
allowed to stand overnight. The yield of crude li-aminodibenzothiophen® 
melting at 103-106® was g. (63*9$). One recrystalliisation fi'om 
dilute methanol gave 2.1 g. (It8.0^) of pwe amine) m.p. 109-110'. A 
mixed laelting point with an auttentic specimen^^*^^ was not depressed. 
The yield of U-aminodibenzothiophene obtained in this e3q)eriiaent is 
higher than that obtained by any other method (see Historical and 
Discussion sections of this ttesis). 
Reduction Beactions 
deavage reactions with Raney nickel 
The cleavage reactions described below were carried out in 
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accordance with the procedure reported by Blicke and Sheets for the 
reaction of dibenzothiophene with Rmey nickel to yield diphenyl. 
Raney nickel was activated by the procedure of Ifozingo,^ using the 
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slight modifications suggested by Mozingo and co-workers suid in-
2ii5 
corporating ideas presented by Covert and Adkins. 
Mozingo, "Organic Syntheses", 21, 15 (19lil). 
W. Covert and, H. Adkins, £. Chem. Soc., gtj, 1^6 (1932). 
lltS> 
Cleavage of 2~bro]aodlbenaothiophene« 
Run I* A mixture of 1*3 g* (0.005 oole) of 2~broiBDdibenzo-
thiophene, about 18 g. of freshly pre|>ared Raney nickel, and 250 nil. of 
ethanol was refluxed for 0*5 hour, cooled, and filtered. Reduction in 
the volume of the filtrate, followed by dilution while hot with hot 
water to ttarbidity yielded 0.6 g. of material laelting at 85-97*» The 
only pure material isolated and identified was 0.3 g» of unreacted 
2-bromodibenzothiophene obtained by recrystallization from ethanolj m. 
p. and mixed m.p. 121-122*. 
Run II. In this rm an oil was obtained instead of a solid 
as in Run I. After atteii?)ts to induce solidification failed, the oil 
was removed by extraction with ether, recovered, and vacuum distilled 
to yield a small amount of liquid which could not be identified. 
Run m. The product from this experiment was an oily 
emulsion obtained on vacuiua distillation of the catalyst-free reaction 
mixture. On standing overnight in the refrigerator, the emulsion part-
ially solidified. Filtration yielded 0*3 g» of white, shiny flakes 
melting at 67-70* and a very small amount of liquid which was not 
identified. Recrystallization of the solid from dilute ethanol yielded 
0.25 g. (31«2^) of pure diphenylj m.p* and mixed m.p* 70-71*« 
CSleavage of dibenzothiophene-5-oxide (attengited). No identified 
product was obtained from the reaction of Raney nickel with dibenzothio-
phene-5*oxide. The small amount of oil that was isolated could not be 
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crystallized or sublimed, A saii?>le of the purest firaction had an 
index of refraction of 1.5286, This value does not correspond to 
that of any of the norraally e3q)ected products. 
Cleavage of dibenzothiophene-5"(^ioxide (atteopted)• The reaction 
of Raney nickel with dibenzothiophene-5<-dioxide also yielded only a 
smll ainount of an unidentified oil* 
Cleavage of dibenzothiophene (atteiapted) • Two unsuccessful attecpts 
177 
were made to repeat the work of HLicke and Sheets, Although their 
directions were followed as exactly as possible, no diphenyl was 
isolated in either run. The failure to obtain positive results my 
possibly have been due to the difficulties encountered in preparing 
Raney nickel of constant activity (see Discuasion section of this 
thesis*) 
Reductive debroMnation reactions 
Reductive debromination of 2, S-dibroiaodibenaothiopt^ne * mole 
ratios of reactants used in this experiment were the same as those 
esployed by Swislowski^ in his preparation of 2,8-dihydro3iydibenzofuran, 
and the saiae general procedtire was followed except that an attes^jt was 
made to replace the steel bomb with a high-boiling solvent. Eighty ml* 
of triethylene glycol, 8.6 g, of 2,8-dibroEK5dibenzothiophene, 12.U g. 
of sodium hydroxide pellets, 1*9 g. of copper bronze, 8*1 g. of copper 
turnings, and 2.5 g. of cupric sulfate pentai^drate were placed in a 
250-ial, two-necked flask equipped with an air condenser and a motor 
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stirrer. The mixture was slowly warmed with stirring until the laetal 
bath temperature was l65*« A period of two hours was then required 
to raise the bath temperature fpom 165* to 205* due to vigorous frothing 
of the reaction ndxture. The reaction mixture was finally slowly 
warmed to reflux and heated at 2h5-250' for 12 hours. The cooled 
reaction mixture was vacuum distilled at 115-120V0»7 loni. (175-180* 
external ten?)erature) until the distillate remained clear on cooling. 
Filtration of the distillate yielded 1.1 g. of dibengothioptene 
meltii^ at 96-98*j identified by the laethod of itnixed melting points. 
Dilution of the filtrate with water yielded an additional l.U g. of 
less pure material melting at The total yield of crude dibenzo-
thiophene was Hecrystallization from diluted ethanol yielded 
1»6 g. (3li*8p) of pure dibenzothiophenei m.p. and mixed m.p. 98-99*. 
The still-pot residue was boiled with water and the resulting mixture 
was filtered, cooled, and extracted with ether. An additional 0.1 g. 
of impure dibenzothiophene was isolated from the ether solution. 
Acidification of the water layer gave a gummy material that could not 
be crystallized or purified. 
Reductive debromination of 2,8-dibromodibenzofuran. 
Run I. A stirred mixture of 0.2 g. (0.025 mole) of 2,0-di-
bromodibenzofuran, 12*Ii g. of sodium hydroxide pellets, 1.9 g» of copper 
bronze, 8.1 g. of copper ttirnings, 2.5 g. of hydra ted copper sulfate, 
and 80 ml. of diiastooxytetraglycol was refluxed (220-230* bath tenpera-
ture) for 12 hoxurs. Vacuum distillation gave about 35 ml. of clear 
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distillate at 108 "/O* 5 which was diluted with water and filtered 
to yield l.ii g. of white, flaky crystalsj m.p. 78-80*. The laroduct 
was established as being nearly pure dibenaofuran (33•3^) by a mixed 
welting point of 82-83* with known dibenaofuran (m.p. 83-83.5*)• 
The residue remaining in the reaction flask was vacuum distilled three 
more times after adding additional dimethoxytetraglycol between each 
distillation. Dilution of the distillates with water yielded three 
fractions of less pure dibenaofuran which iMlted at 78-81°, 72-77°, and 
76-79°, respectively, and which weighed a total of 0.8 g.. The total 
yield of crude dibenaofuran was S)2.3^» Treatment of the still-pot 
residue as in the dibenzothiophene debroiaination experiment above 
yielded only g\imB which could not be identified. 
R\m II. This eaqperiment was carried out in exactly the sam 
maimer as Run I except that tte copper and copper sulfate catalysts 
were quitted. Only a small amount of impure dibenaofuran was isolated 
from the distillate of the initial vacuum distillation. Treatment of 
the residue remaining in the reaction flask as above yielded a very 
small asKJunt of in^>ure dibenaofuran and a stoall amount of ethanol 
insoluble material melting above 300° which could not be identified. 
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DISCUSSION 
Hetalation Reactions 
The "direct" metalation reaction, i.e., the replacement of hydrogen 
by an eleaiental metal, is obviously the silkiest method of preparing a 
selected organoiaetallio cos^jound. Unfortunately, the successful 
preparation of heterocyclic organoaiBtallic corapounds by this "direct" 
method is more the exception than the rule. It is usually necessary 
to resort to hydrogen-metal or halogen-metal interconversion reactions 
with more reactive organometallic cospoimds. 
The only reported successful "direct" metalation of dibenzofuran, 
dibenaothiophene, phenoxathiin, thianthrene, or dibenzo-jg-dioxin iras 
the reaction of dibenaofuran with sodium-potassium alloy to yield it-
19 dibenzofurylpotassium. Treatment of dibenzofuran with sodium in 
2h6 li7 
ethanol and of dibenzothiophene with sodium in liquid ammonia leads 
to reduction of the benzenoid ring. Consequently, the report by 
Bradley^ that the reaction of dibenzofuran with lithium in dioxane or 
ether gave good yields of o-hydroxybiphenyl was of considerable interest 
and suggested further experiments to determine the scope of the reacticai, 
*The reaction of an organic halide with the free asetal is, of course, 
equally facile, but usually involves preliminary preparation of the 
reqxxislte halogen compound. 
pj Z 
H. Oilman, E. W. Smith and L. G. Cheney, J. M, Chem. Soc., 571 
2095 (1935). 
2Sk 
both in respect to its use as a oeans of structure proof of derivatives 
of dibenzofuran, and to its extension to other related heterocycles. 
The experiniental results obtained by Bradley were satisfactorily 
duplicated for the cleavage of dibenzofuran with lithium in dioxane 
using an atmosphere of either dry air or of nitrogen and terminating 
the reaction by hydrolysis. The most logical reaction o^chanism would 
involve the clea^s^e of an oxygen-carbon bond to form an oxygen-lithium 
bond and a carbon-lithium bond. This explanation appeared to be in 
jeopardy when it was observed that at no tin® was Color Test I positive 
and that no carboxylic acid product could be Isolated when the dioxane 
reaction mixture was carbonated. 
The only product that could be isolated when dibenzothiophene was 
treated with lithium in dioxane and the reaction mixture hydrolyzed 
was a small amount of diphenyl. When the reaction was terminated by 
carbonation, however, diphenyl and o-mercaptodiphenyl were isolated 
in about equal amounts* A two-step cleavage reaction was thus indicated. 
227 As with dibenzofuran, though. Color Test I ' was negative throughout, 
, and no carboxylic acid product could be isolated from the carboaated 
dioxane reaction mixture. 
227 
-f- 2 Li 
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The reaction of lithium with dibenzofuran in ether was carried 
out by Bradley by using a sealed tube and mechanical shaking at room 
temperature. It appeared of interest to determine what reaction, if 
any, would occur at the reflux temperature of ether at atmospheric 
pressxire. Somefwhat unexpectedly, in view of the above results, Color 
227 Test I was positive throughout the reaction, and carbonation of the 
reaction mixture resulted in a good yield of 3,ii-benzocoumarin (the 
lactone of 2'-hydroxy-2<-diphenylcarboxylic acid). On the basis of these 
resiilts, the above two reaction a»chanisms are thought to be satisfact­
ory, although no cleavage could be obtained with lithium and dibenzo-
thiophene in ether. 
227 In connection with the failure to obtain a positive Color Test I 
and to isolate any carboxylic acid on carbonation from the reaction of 
dibenzofuran with lithitua in dioxane, the following previously reported 
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observations are of interest. Bebb found that when n-butyllithium 
was prepared in dioxane and then reacted with dibenzothiophene, the 
color test gradually became weaker, no acid was obtained on carbonation, 
and 90  ^ of the starting dibenzothiophene was recovered. In addition, 
he was unable to isolate any cleavage products from the dioxane 
fraction. As part of a general study on the cleavage of ethers by 
^ 2k7 
organolithiura coopounds, Haubeln added dioxane to a petroleum ether 
solution (0.6 M) of n-butyllithium and observed that heat was evolved 
227 
and that Color Test I became negative in 55 minutes. If 'Uie reaction 
was carried out while cooling in an ice-bath, one hour was required 
for the color test to becoH» negative. Ho atteapt to isolate cleavage 
products was reported. All of the above results can be explained by 
assuming that the organolithium compound was used up in cleavage of 
dioxane. In the lithium cleavage reactions in dioxane carried out during 
this work, the temperature of refluxing dioxane was used. On the basis 
2ii7 
of the results reported by Haubein , rapid cleavage under these 
relatively drastic conditions would be expected. This was substantiated 
when it was found that phenyllithium prepared in dicacane gave a negative 
227 Color Test I after one hour of stirring at reflux teaperature, whereas 
over S hours were required for the reaction of dioxane with r^butyllithixua 
in ether to go to completion at room tenperature. That no phenyllithium 
remained in the first reaction was demonstrated when no benzoic acid 
2li7 A. H. Haubein, Doctoral Dissertation, Iowa State College, I9I42 
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could be isolated after carbonation. On the basis of these observations, 
it was concluded that the cleavage of dibenzofuran (and of dibenzothio-
phene) by lithium in refluxing dioxane probably yields an intermediate 
compound containing a carbon-metal linkage which is immediately 
destroyed through reaction with the dioxane. 
It should be mentioned that the cleavage of dibenzofuran with 
lithium in diethyl ether folloired by carbonation is probably the 
233 
method of choice for the preparation of 3,U-benaocoumarin. Cahn 
reported that the condensation of phenol with the di&zonium sulfate 
of anthranilic acid gave yields of 3»it-benzocouffiarin only slightly over 
20/^, but that even these relatively low yields were better than those 
that could be obtained by any of the other procedures tried. The yield 
of obtained daring the present investigation from the lithium 
cleavage of dibenzofuran is consequently over twice as high as any 
previously reported. 
Time did not permit a thorough evaluation of the possibilities 
for the proof of structure of heterocycles by cleavage of the carboiv-
hetero atom lirfcage with lithium. Should the process be found to be 
quite general, a very useful synthetic and analytical tool would be 
available. The method has two distinct advantages over the Raney nickel 
cleavage procedure (see Historical section of this thesis). First, the 
reaction is much easier and 6io^>ler to carry out with lithixua since it 
does not involve an initial activation of the metal. It was the 
author*s experience that the activation of the ilaney nickel was a very 
critical part of the cleavage reactions carried out with that metal. 
158 
Second, it seems reasonable that the hydrogen present in the Raney 
nickel catalyst might react with certain functional groups which would 
be stable towards lithim. Further eaqperimental work is certainly 
indicated, 
Msnometalation of the heterocycles under consideration has usually 
been accoB^listod most satisfactorily with ^ butyllithium. With dibenzo-
thiophene the pure yields run below 50^ when the reaction is carried 
out in diethyl ether. The superiority of n-propyHithiura over n-butyl-
2li8 " 
lithim in certain related reactions lead to the initiation of 
experiments for the purpose of comparing the relative efficiency of tte 
two organometallic conpounds for the metalation of dibenzothiophene. 
An initial experiment using n-propyllithium in which aliquots of the 
et^er solution were carbonated at regular intervals indicated that a 
reflux time of 12 hours gave the highest yields of ic^dibenzothiophene-
carboxylic acid. A second experiment in which the entire reaction 
mixture was caitonated after 12 ho^U"S of refluxing confirmed this 
conclusion. The 1$% crude yield and 14,8^ pure yield of U-dibenzothiophene-
carboxylic acid with n-propyllithium as the inetalating agent ai-e higher 
than any the author was able to isolate in the corresponding reaction 
with n-butyllithium. In addition, washing of the crude acid with water 
gave a much purer product from the n-propyllithium reaction due to the 
greater solubility of the butyric acid over valeric acid* 
F. Hofferth, Doctoral Dissertation, Iowa State College, 1950. 
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Dimetalation with n-butyllithixim has been observed in reactions with 
6l 29 29 
phenoxathiiri, thianthrene, and dibenzo-g-dioxin. Only one brief 
report (see Historical section of this thesis) of the isolation of a 
dia^talated product from the reaction of dibenzofuran and n-butyllithium 
has been made. It was found during the present work that treatment of 
dibenzothiophene with 3.3 equivalents of n-butyllithium for a prolonged 
period of time led only to an excellent yield of the monometalated 
derivative. This result was to be expected since it has been demon­
strated that the metalation of dibenzofuran is relatively much easier 
than that of dibenzothiophene (see Historical section of this thesis). 
Quite unexpected, however, was the failure to isolate dimetalated 
products from the reactions of dibenzothiophene with n-butylsodium and 
benzylsodium, since the corresponding reactions with dibenzofuran give 
good yields of l4,6-disubstituted products. Smaller yields of the 
disubstituted dibenzothiophenes would not have been surprising, but the 
apparently coH5)lete absence of dimetalation covild not be explained. 
The selective metalation of dibenzothiophene in the 3-position 
presents the possibility of preparing 3-substituted derivatives via the 
organometallic conpound. Treatment of the intera^diate 3-dibenzo-
thienylcalcium iodide with bromine, however, did not yield any of the 
desired 3-broiiiodibenzothiophene. Instead, only nuclear bromination of 
non-metalated dibenzothiophene occurred to yield a very small amoxint of 
Further atteH5)ts to dinietalate dibenzothiophene by means of 
metalating agents more active than n-butylsodium and benzylsodium are 
currently being carried out by Mr. John Morton. 
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2,8-dibroinodibenBothlophene. The metalation procedure was checked 
by the author and by l&r* John Morton by satisfactory repetitions of 
Jacoby»s preparation of the 3~<iibenaothiophenecarboxylic acid, and the 
bromination technique was checked by the autoor by a parallel prepar­
ation of li-bromodibenzothiophene by the reaction of bromine with h-
dibCTizothiergrllithium. The latter e^)eriment was also undertaken in 
order to determine the impublished physical constants of the previously 
I 7 
prepared li-broiaodibenzothiophene. 
The literature concerning the reactions of sulfides, sulfoxides, 
aiKi sulfones with metals and organoiaetallic corapounds was thoroughly 
35 
reviewed by Webb, As part of a general study of such reactions, he 
treated dibenzothiophene-5-<iioxide and diphenyl sulfone with n-butyl-
lithium at room teBg}erature, but was unable to isolate any pure products 
after carbonation. 
The successfiil nietalation of dibenzothiophene-5-oxide with n-butyl-
lithium which was accoi^lished by using reduced ten^jeratures, has been 
57 
reported elsewhere."^' Application of this technique to the B»talation 
of dibenzothiophene-^-dioxide similarly gave after carbonation acid 
products which could be purified# The progress of the reaction was 
followed in the initial eacperiments by the xise of color tests. Color 
Test was found to be positive throughout the reaction, but Color Test 
229 II did not remain positive on prolonged stirring until at least 3.0 
equivalents of n-butyllithium had been added. The acid product from 
these experiments was identified as l4.,6-dicarboxydibeniaothiophene-5-
dioxide. It was then observed ttmt the use of only 1.0 equivalent of 
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the organoiaetallic coc^ound yielded on carbonation ij.-carboaydibenzothio-
phene-5-dioxide, thus indicating that the metalation proceeded in a 
step-wise fashion as followss 
These experiments also again deiMnstrate the greater stability of the 
sulfone group over the sulfoxide group since the reaction of ^ ^butyl-
lithium with dibenzothiophene-$-oxide resulted in reduction of the 
sulfoxide group to the sulfide along with the observed metalation. 
It should be noted that, w ile an authentic SMple of it,6-di-
carboxydibenzothiophene-S-dioxide could not be prepared, the 
structure assigned to the product obtained by the reaction of two or 
more equivalents of n-butyllithium with dibenzothiophene-^-dioxide 
with subsequent carbonation is undoubtedly correct. This conclusion 
was reached by consideration of the results of the analyses for the 
percentage of sulfur and the neutral equivalent, by observing that the 
228 infrared spectrum indicates the presence of a sulfone group and 
1,2,3-substitution in both benzene rings, by noting that the same 
reaction using only one equivalent of n-butyllithium definitely yields 
li-carbo3qrdiben2othiophene~5~dioxide, and by analogj-^ with the corres­
ponding netalation reactions with diphenyl sulfone which were found to 
0 
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yield o-carboxydiphenyl sulfone and o, o'-dicarboatydiphenyl sulfone on 
carbonation. 
The technique of metalation at lowered temperatures was next 
extended satisfactorily to the reaction of diphenyl sulfone with »-butyl-
lithiuffi. The coxirse of the reaction was again followed by color tests. 
As was to be expected from the observations discussed above for 
229 dibenisothiophene-5-dioxide. Color Test II did not remain positive on 
prolonged stirring until at least 3»0 equivalents of the organoiaetallic 
227 
coii5)ound had been added, ^though Color Test I was positive through­
out, Under these conditions carbonation likewise yielded a dicarboxy 
sulfone, o,o'dicarboacydiphenyl sulfone. While this work was in progress. 
Truce and Aiaos^^^ reported the reaction of diphenyl sulfone with about 
one equivalent of n^butyllithium to yield on carbonation £-carbo3sy-
diphenyl sulfone (o-benzenesulfonylbenzoic acid). A check of their 
results using reduced ten^ierature conditions was then satisfactorily 
carried out. These results indicated that the laetalation of diphenyl 
sulfone also proceeds step-wiset 
0 0 
0 
0 0 
Li Li 
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In order to prove the structure of the o, o'-dicarboaiydiphenjl 
sulfone, an authentic sangjle of the compound was prepared. The aelting 
point (220-1") of the compound obtained by the author, however, did not 
23li 
agree with the recorded value of 137"# although the melting points 
of the sulfide and sulfoxide were in agreement. The first attei^t to 
check the experimental procedure of Mayer yielded only the sulfoxide, 
possibly because the permanganate solution used was too alkaline. In 
two s ubsequent experiments in which a neutral solution was used, the 
only compound isolated melted at 220-221® and gave no depression in 
the Belting point when mixed with a sample of the material obtained by 
peroxide oxidation of the sulfide in glacial acetic acid. In addition 
the same product was obtained on oxidizing the sulfoxide with peroxide 
in glacial acetic acid. The analytical values for the per cent of 
sulfiu* and for the neutral eqxiivalent found for the material malting 
at 2^-221* also were in agreement with those calculated for o,o*-
dicarboxydiphenyl sulfone. Further evidence for the correctness of this 
structure was obtained by infra-red absorption measurements which 
indicated only l,2-sub8titution of the benzene ring and the presence 
of a sulfone group. Consequently, the melting point reported by 
23k 
Mayer is believed to be in error. The fact that o,o'-dicarboxy-
diphenyl sulfoxide melts higher than either the cori-esponding sulfide 
or sulfone whereas the sulfone has the lowest melting point of the 
three cos^joimds is noteworthy, since the melting point of the sulfide, 
sulfoxide, and sulfone generally inci'ease in that order in any partic­
ular series. 
l61i 
To date attempts to extend the reduced-tenQjeratiire metalation 
technique to diphenyl sulfoxide have not been con^letely successful. 
By analogy with the reaction of diben2othiophene-5-oxide with n-butyl-
lithiu, reduction of the diphenyl sulfoxide to diphenyl siilfide v,ith 
concurrent or subsequent metalation to yield 2-phenyln»rc£?)tobenzoic 
acid on carbonation was expected. However, the isolation of benzoic 
acid in appreciable yields on carbonating the reaction niixtxire of n-
butyllithium and diphenyl sulfoxide indicates that a cleavage reaction 
of some sort is involved. In view of the fact that diphenyl sulfide 
3h itself was cleaved to Sviae extent by n-butyllitliium, a reasonable 
series of reactions would be 
Although the search for thiophenol was both extensive and intensive, 
none was isolated. Similarly, no thiosalicylic acid was isolated 
which fflight have been formed by the following sequence of reactionsi 
S-Id U 
0 
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Apparently the reaction is much more coaqjlicated, and time did not 
permit further atten5)ts at identification of the bicarbonate soluble 
acidic liquid which was always obtained along with the benzoic acid. 
The neutral liquid that was repeatedly isolated from the ether layer of 
the reaction mixture likewise could not be identified. 
In connection with the general problem of the relative orienting 
influences of ortho-para and meta directing groups, it seeiaed of interest 
to extend the metalation reaction with n-outyllithium to phenoxathiin-
lO-oxide. The reaction of phenoxathiin itself with n-butyllithixm 
yields l^-phenoxathiinyllithitim, i.e., metalation occurs in the U-position. 
57 As pointed out elsewhere, the reaction of dibenzothiophene-S-oxide 
with n-butyllithium is strongly exothermic, whereas the same reaction 
with dibenzothiophene proceeds at room tea53erature with no noticeable 
evolution of heat. On this basis the assun^ption might be laade that the 
coordination of the lithium cation with the oxygen of the sulfoxide 
group is a much more energetic reaction than is the corresponding 
coordination with the sulfide linkage. The reaction of dibenzofuran 
with n-butyllithium is similar to the reaction with dibenzothiophene 
in that no heat is evolved. Consequently it is conceivable that in 
phenoxathiin-lO-oxide the sulfoxide group might exert the greater 
directive influence in metalation reactions by virtue of its apparent 
ability to undergo the initial coordination more readily than the 
hetero oxygen or sulfur atoms. The product isolated from the one 
metalation of phenoxathiin-lO-oxide wi-Ui n-butyllithium that was carried 
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out was not identified, tnxt monoaetalation in the ii~position was 
definitely ruled out on the basis of the melting point since the acid 
isolated melted at 223-22U*, whereas U-phenoxathiincarboxylic acid melts 
28 
at 168-169°. The reaction is presently being investigated further 
by Mr. T. Reid* A corresponding metalation of phenoxathiin-lO-dioxide 
would certainly be worthwhile. 
21 U-%droxydibenzofuran has reportedly been parepared in yields 
varying from to 52i2. Under essentially the saa^ conditions, only 
33^^ and 2l/^ yields of li-hydroxydibenzothiophene were obtained. These 
resxilts again reflect the relative greater ease of metalation of dibenzo-
furan over dibenzothiophene. In order to further extend the coaparison, 
1-hydroaythianthrene and it-hydroxyphenoxathiin were prepared in 2*$% 
and 15.5^, respectively, after first satisfactorily checking the 
experimental procedure by the preparation of U-hydrojqrdibenzofuran in 
h$% yield. The higher yield of li-hydroxyphenoxathiin over 1-hydroxy-
thianthrene was the expected result. 
As mentior^d earlier (see Historical section of this thesis) the 
reaction of n-butyllithium with 2-broiaodibenzofuran may proceed in one 
of ttfo ways to form either 2-dibenzofurancarboxylic acid or 2-brofflo-it-
dibenzofiarancarboxylic acid. 2,8-4)ibrojnodibenzofuran, however, \mder-
goes only halogen-metal interconversion with n-butyllithirm. It would 
be of interest to know whether or not the saoie reactions occur with the 
analagous chloro-and iodo-substituted derivatives. An initial eaqperi-
ment with 2,8-dichlorodibenzofuran and n-butyllithium was carried out. 
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but no clear-cut results could be obtained. The author feels that 
perhaps the use of slightly different reaction conditions might have 
given positive results but a lack of tinse prevented further investi­
gation. 
Oxidation Reactions 
67 
As discussed elsenrhere (see, also. Historical section of this 
thesis) phenoxathiin was found to be oxidized with greater ease than 
was dibenzsothiophene. During the course of the ooa5>arative studies 
which were carried out by the author reaction conditions that gave 
optimum yields of dibenzothiophene-5-oxide and 5-dioxide and pheno»» 
athiin-lO-oxide and -10-dioxide were developed. Hydrogen peroxide 
(30$ aqueous solution) in glacial acetic acid was found to be the 
reagent of choice for the preparation of the dioxides. The same 
oxidizing agent was found to work equally well for the preparation of 
U-brosaodibenzothiophene-S-dioxide, 2,8-dilaroBiodibenzothiophene-5-
dioxide, U-carboxydibenzothiophene-5-dioxide, and li-dibenzothiophene-
carboxamide-S-dioxide. 
The use of 30^ aqueous hydrogen peroxide in refluxing ethanol 
solution proved to be a convenient method for the preparation of the 
sulfoxides of phenoxathiin and o,o*-dicarboxydiphei^l sulfide. Good 
yields wei^ obtained in both cases with products being obtained that 
were coupletely free of the sulfone derivatives. 
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l&logenation Reactions 
The bromination of li-hydroxydibenzofuran was reported"^ to result 
17 ^3 
in a 3$% yield of l-broEK>-4i~h3rdro3cydibenzofuran, Since Avakian ' 
was able to obtain 2-acetajaino-3-chlorodibenzothiophene in yield by 
the chlorination of 2-acetajnindibenzothiophens with sulfuryl chloride, 
5ii 
and Lenta was able to similarly prepare a iBonochloro-li-hydrcaydi-
benzothiophene, it seemed of interest to extend the sulfuryl chloride 
2U9 
chlorination procedure to U-hydroxydibenzofuran# It was found that 
by proper variation of the reaction conditions either a monochloro- or 
a dichloro-4-hydroxydibenaofuran could be obtained in yields at least 
equal to those obtained in bromination. The monochloro-li-l^ydroxydi-' 
benzofuTOTi was ass\iB®d to be l-chloro-li-hydroxydibenzofuran by analogy 
with the tromination product. Similarly, the dichloro derivative is 
considered to be l,3-dichloro-lt-hydro3Qrdibenzofiu*an since nitration of 
l-brojao-it-mettioxydibenaofuran has been shown to yield l-broiBO-3-nitro-^ 
1X7 li-methoaydibenzofuran and since tl» infra-red spectrum indicated 
substitution in only one of the benzem rings• That one of the chlorine 
atoms of the dichloro derivative is in the sane position as the chlorine 
atom in the monochloro cooiqpound was established by chlorination of the 
aionochloro material to a dichloro product which did not depress tl:» 
melting point when mixed with a sample of the dichloro compound prepared 
by direct chlorination of li-hydroxydibenzofuran. 
^^^For a comprehensive review of the chlorination of organic conqj-
ounds with sulfuryl cnloride see H. C. Brown, Ind. Eng. Chm., 3^ 785 
(ISkh)* 
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Atteng^ts to extend the sulfuryl chloride chlorination technique 
to the chlorination of dibenzofuran itself met irith little success. 
When it was found that the only pure compound that could be isolated 
was recovered starting material, recourse was made to the previously 
236 
reported procedure for the preparation of the desired 2,8-dichloro-
dibenzofuran by direct chlorination. 
Although the preparation of 2,8-dibroinodibenaothiophene has ^en 
27 
reported by several workers (see, also. Table III), only Neumoyer and 
7) 
Afflstuta record aryr fields and specific reaction conditions. They 
state that direct broraination in carbon disulfide solution gave a kO% 
yield of material which melted at 225-228° after recrystallization 
from acetic anhydride, while the use of a glacial acetic acid solution 
resulted in a 2h% yield of product melting at 226-228.5*. Ho catalyst 
was \ised in either preparation* Modification of the above jsrocedures 
through tfc® use of iron powder as a catalyst and of carbon tetrachloride 
as the solvent yielded 76*6% of crude product melting at 20li-211** 
Recrystallizations from toluene gave a pure yield of hh*2%} ra.p. 
225-226° (uncorrected). 
Nitraticm Reactions 
The labilizing influence of the nitre group on a substituent group 
or atom in the ortho or para positionis ayrell-known and much-used 
phenomonen of the chemistry of aromatic nitro confounds. With this fact 
in mind, attempts were made to nitrate 2,8-dibromodibenzothiophene and 
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2,8-dibroiaodibenzothiophene-i)-dloxide. It was hoped that the resulting 
nitro-broiBO derivative would possess a bromine atom sufficiently "active" 
to enter into a Friedel-Crafts type of reaction (see section on Con­
densation Heactions). 
The successful nitration of 2,8-dibroinodibenzothiophene was 
accomplished only after resorting to the rather drastic conditions 
of treating the dry starting material with warm, fumixjg nitric acid. 
In accordance with the known action of nitric acid on sulfur-containing 
heterocycles (see Historical section of this thesis) the isolation of 
a monoxide derivative was not une:!q)ected. The nitro groups awst 
probably could have entered into the 1,3-, !»?-» or 3#7-positions, 
The first three possibilities were ruled out on general considerations 
of the nitration reactions of dibenzofuran and dibenzothiophene der-
ivates. The product was thus tentatively established as being 2,8-
dibroiao-3i7-dinitrodibenzotiiiophene-5-oxide. The presence of a sulfoxide 
220 group Was confirmed by inft'a-red absorption measureiMnts. 
22 63 6B 
Although dibenzothiophene-5-dioxide ' * can be satisfactorily 
nitrated, all attempts to nitrate 2,8-dibromodibens5othiophene-5-dioxide 
were unsuccessfxil. Perhaps this should not have been surprising since 
both the tuo bromine atoms and the sulfone group deactivate the molecule 
towards further substitution. 
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Condensation Reactions 
In an effort to extend the previously mentioned (see Historical 
section of this ttesis) reaction of resorcinol with heterocyclea con­
taining "active" halogens to derivatives of dibenzothiophene, 2,8-
dibroiaodibenzothiophene-5-dioxide was treated with resorcinol in 
quinoline in the presence of aluminum chloride. The hope that the 
meta-directing sulfone group had labilized the broaine atoms sufficient­
ly for them to enter into the condensation reaction, however, was not 
realized. When the same ejiperiment was carried out with 2,8-dil«romo-
3,7-dinitrodibenzothiophene-5-oxide, reaction of soiae sort apparently 
occurred, but the product obtained could not be purified. This result 
was not too unexpected since Friedel-Crafts type reactions usually 
cannot be successfully carried out with compounds containing nitro 
108 groups. 
The lack of success which attended efforts to condense li-iv^droxy-
dibenzofuran with formaldehyde cannot be readily explained. Since the 
para-poaition and one ortho-position are unsubstituted in ij-hydroxy-
dibenzofuran, and since the procedures tried had been checked by the 
preparation of known compounds, l^e preparation of l,l«-(or 3,3*-)-
di-(i4-hydro3(ydibenKofuryl)aethane should have proceeded quite readily. 
That some reaction occurred was evidenced by the isolation of crude 
materials which laelted at temperatures above the melting point of the 
starting material. However, the reaction was certainly not clear-cut 
since the cjmde products could not be pwified. 
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It was reported receiitly^^*^^^ that the hydrocarbon perylene 
had been isolated from several mixtures involving Iniaphthyllithiiiffi 
and l-^iaphthylmagnesiuja broaiide. Evidence was presented which sxipported 
a reaction iBBchanisa involving the cyclodehydrogenation by lithium n»tal 
of l,l'-binaphthyl rather than a free radical laechanism. If the former 
supposition is correct, then oxie might e3q>ect other similarly coiv-
stituted bi-radicals to undergo analagous cyclodehydrogenations by 
means of lithivua metal* In considering the extension of this hypothesis 
to dibenzofuran and dibenzothiophene derivatives, the most logical 
choices for initial experiments sheared to be either 1,1*- or 
bidibenzofuryl or -bidibenzothiergrl. The ready availability of the 
li~position in both dibenzofuran and dibenzothic^hei^ through metalation 
with organolithium compounds, and the difficulties inherent in any 
procedure leading to 1-substitution in either iteterocycle, indicated 
that the starting material of choice shoiild be the one condensed ortho 
to the he.tero atom# 
Attenpts were consequently made to prepare U,U*~bidibenzothienyl 
by the reaction of U-dibenzothienyllithium with anhydrous cupric chloride, 
Thisprodedure is a modification of the method used earlier in these 
laboratories for the preparation of bidibenaofuryls (see Historical 
section of this thesis)* Although a crude product was obtained which 
probably contained some of the desired condensed coiopound, attei3Q>ts 
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H* Oilmaua and C. Q. Brannen, J. ^ * Chem. Soc*, 71» 6^7 (1949)* 
173 
at purification were \msuccessful. For this reason the cyclodehydroge-
nation was not atteiipted, and time did not permit further experis»nts 
directed toward the preparation of the intermediate biaryl. 
Rearrangement Reactions 
As pointed out previously (see Historical section of this thesis) 
the yield of U^aminodibenzothiophene obtained by use of the Hbfmann 
reaction with ii>dibenzothiophemcarboxylic acid amide is equal to or 
better than the yields of the same coB^>ound prepared by oth^ procedures. 
A discussion of the possibility of oxidation of the nuclear sulfur by 
the hypochlorite solution present while the Hol^tann reaction is being 
67 
carried out has been given elsewhere* The conclusion was reached 
that the oxidizing conditions were not sufficiently strong in this casey 
sine# tie unaddized U-aminodibenzothiophene was the only cor^otmd 
isolated* 
Reduction Reactions 
177 
The reported reductive desxilfurization of dibenzothiophene with 
Raney nickel appeared to offer a convenient method for the determination 
of the structtires of derivatives of dibenzothiophene. Orienting 
experiments with 2-bEroi!U3dibenzothiophenef dlbenzothiophene>5~oxide, 
dibenzothiophene-5~dioxidef and dibenzothiophene, however, soon 
indicated that one or more phases of the reaction must be quite critical. 
Ib only one of the three runs which were made with S-Io'omodibenzothiophene^ 
m 
was any cleavage product isolated, and since reductive debroraination 
had also occurred to give diphenyl instead of tite hoped-for 
m-broaodipheniyl, further variations in the experimental conditions were 
not tried. Attempts to isolate and identify cleavage products from 
the reaction of Raney nickel with dibenaothiophene-S-oxlde and dibenao-
thioph®ne-5-dio3(ide proved fruitless, as did also attei^ta to repeat 
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the work reported by Blicke and Sheets on the cleavage of dibenzo-
thiophene. I^om observations made during the course of these experi­
ments, the author believes that the loost critical step of the cleavs^e 
reaction is the preparation of the Raney nickel. It was found very 
difficult to prepare Raney nickel of constant reactivity, and con-
\ 
sequently it was difficult to duplicate the results of any one 
cleavage reaction. As pointed out above (see Metalation section of 
Discussion portion of this thesis), the use of lithium lostal in reflux-
ing diozane solution appears to be a siiapler and moi'e reproducible 
method for the cleavage of dibenzothiophene derivatives as a means 
of structure proof. 
Initial attempts to carry out alkali fusions of bromodibenzofurane 
and hro}:M)dibenzothiophenes in the presence of high-boiling glycol 
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solvents were previously reported as yielding only debrominated 
products. A discussion of the mechanism and scope of this ^reductive 
debromination" reaction was given at that time. Since the presence 
of an l^droa^yl group in the glycol solvent molecule was thought to make 
possible the observed reduction reaction, subsequent experiments (see 
l:q}eriaental section of this thesis) were carried out using 
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dimethoxytetraglycol as the high-boiling solvent. However, only 
dibenzofuran was isolated from the attempted alkali fusion of 2,8-
. * dibroffiodibenzofuran in dimethoxytetraglycol. Since the man)ifacturer's 
specifications indicated that the hydroxyl content of the diiaethoxy-
tetraglycol was well below that needed for the reductive debromination, 
the initial step of the reduction reaction must have been different 
from that which occured when glycols were involved. In all probability 
the sodium hydroxide first cleaved the glycol ether to give the sodium 
alcoholate, which was then oxidized in the same manner as proposed 
earlier. 
Mo further atteispts to carry out the alkali fusion reaction were made, 
although the use of a high-boiling ether that is laore stable to cleavage 
by alkali than dimethoxytetraglycol might have been proven successful. 
Suggestions for Further Research 
A critical survey of the Historical section of this thesis reveals 
that many of the comparisons of the reactions of dibenzofuran, dibenzo-
thiophene, phenoxathiln, thianthrene, and dibenzo-j^ioxin were severely 
limited by a lack of e^eriiaental data. In numerous places throughout 
the preceding sections brief mention has been made of various experiments 
that would be of interest for conqparative purposes. The following material 
« 
Carbide and Carbon Chemicals Corporation, 30 East U2nd Street, 
Kew York 17, H. I.. 
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l8 an attesapt to present in one place the several ideas for eiiperxiQents 
to be carried out which seeoed of particular interest to the author. 
The successful cleavage of dibenzofuran and dibensothiophene irith 
lithium in dioxane and of dibenzofuran in dietl^l ether (see pp. 73 
and 110 of this thesis) suggests that the foUovring esqperiiaents should 
be triedI 
1. React lithium with other heterocyclic compounds such as 
carbazole, phenoxathiin^ phenothiazine, phenoxazine, benzofuranj 
benzothiophene, and indole. The results of eaqperinwnts presently being 
carried out by Wc, R. K. Ingham on the reaction of lithium with 
phenothiazine derivatives and by Mr. T, Reid on the reaction of lithium 
with phenoxatMin will be of interest. 
2. React lithium with dibenzothiophene~5-^xide and -^-dioxide, 
phenoxathiin->10-oxide az^ -10-<lioxide) andphenothiazine-5'-oxide and 
^ -5-dioxide. 
3* Extend the lithiiua cleavage reaction to derivatives of 
dibenzofuraji, dibenzothiophene, and any of the other heterocycles 
mentioned in 1 and 2 which give easily identifiable products in order 
to investigate the scope of the reaction as a method of structure proof* 
The possibility of secondary reactions such as the replacement of a 
halogen atom by lithiiua should be kept in mind* A methyl derivative 
would probably be the conipo\ind of choice for Initial experiments. 
li. Terminate by carbonation as well as hydrolysis those reactions 
227 
which give a positive Color Test I . 
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5. Terminate by oiddation with molecular oxygen in the presence 
of an equivalent amount of j^butylmagnesiuBi bromide tk>8e reactions 
which are found to yield carbos^lic acids on carbonation. Both the 
carbonation and oxidation procedures present the possibility of 
introducing water-solubilizing groups into the molecule. 
6. React lithium with a coH?)ound such as triphenyl-4i-dibenzo-
f\iryltin in dioxane or ether. Should cleavage occur, an excellent 
method for introducing water-solubilizing groups into tetra-aryl tin 
coii|)ounds woxild be available. The corresponding reaction might be 
extended to the trialkyl-dibenzofuryltin derivatives. Reactions of 
this type could be tried with other organometallic coi!5)ounds and 
organosilicon derivatives. 
7. React lithium with di benzothiophene in an ether solution 
which boils higher than diethyl ether. Di-n«butyl ether should be tried. 
Use of the higher ten^^erature might possibly lead to a cleavage reaction 
which produced an organoa»tallic cotspoimd susceptible to carbonation. 
8. React lithium with dibenzothiophene in liquid ammonia and 
coi^are with the analagous reaction with sodium which leads to reduction 
of the benzenoid ring. 
9. React calcium with dibenzofuran in dioxane or ether as a means 
of conparing the relative reactivities of lithium and calcium. 
As Hffintioned in the Historical section (see p. 9 of this thesis), 
the reaction of 2-broraodibenzofuran with n-butyllithium yields on 
carbonation 2-dibenisofurancarboxylic acid if the reaction period is 
short, or 2-bormo-!U-dibenzofurancarboxylic acid if the reaction time is 
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relatively long. The reactions of n-butyllithium with 2-lMPoiiiDdibenzo-
thiophene and 2-bromophenoxathiin were observed to give only halogen-
metal interconversion, but in both cases the reaction tin» was relat­
ively slKjrt. It would certainly be of interest to carry out the last 
•taro reactions for longer periods of time. A reaction tiioe of 20 to 
2I4 hours should be sufficient. In addition, reactions in which tte 
chloro- or iodo-derivates were substituted for the bromo-coaipounds 
should be run. Also, the reaction of n-butyllithium with any 2-positioned 
halogen derivative of thianthrene or dibenzo-jg^ioxin would be of 
interest. 
The reaction of ^ butyllithium with 2,8-dita*omodibenzofuran 
to give halogen-aetal interconverion, coupled with the reaction of 
phenylcalcium iodide with the sanie halogen confound to yield on 
carbonation 2,8-dibromo-li,6-dicarboxydibenzoftiran (see p. 9 of this 
thesis) offers ikinethod of selectively intoroducing car boxy lie acid 
groupings which should be extended to the analagous halogen derivatives 
of dibenzothiophene, phenoxathiin, thianthrene, and dibenzo-£-dioxin« 
In addition, analagous reactions in which the dichloro and diiodo 
derivatives are used in place of the 2,8-dibroB» coa^jound should be 
investigated. 
Tlie reaction of n-butyllithium with methoxy derivatives of 
dibenzothiophene, phenoxathiin, thianthrene, and dibonzo-£-dioxin 
should be studied to determine the relative influences of the hetero 
elemnts present. Of particular interest would be a reaction of 
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li^i^thox^dibensothiophene and butyllithlTim, since oxjrgen with Ita 
stronger directing influence might direct the laetalation exclusiTeljr 
to the 3-'P08ition, rather than allow the formation of equal amounts of 
the and 6~]^ talated isomers as happens with dibenzofuran (see p, 9 
of this thesis). 
In view of the apparently anamolous behavior of phenylcalcium 
iodide in reactions wi.th dibenzothiophene and phenoxathiin, similar 
reactions should be carried out with thianthrene and dibenzo-j^ioxin. 
In this connection, work on the identification of the product obtained 
from the reaction of phenylcalcium iodide with phenoxathiin should be 
completed (see p. 1$ of this thesis). 
Since dibenzof\u:*an was readily merctirated, and since it was found 
very difficult, if not ic^jossible, to i^rcurate dibenzothiophene (see 
p. 12 of this thesis), the mercuration of phenoxathiin should be carried 
out for coD^parative purposes. Similarly, mercuration of thianthrene 
and dibenzo«-£~dioxin should be attempted. 
The inordinate resistance to dimetalation exhibited by dibenzo­
thiophene (see p. 67 of this thesis), in contrast to the ease of dis^tal-
ation of dibenzofuran, suggests that a cos^ete coiq>arison should be 
made. From, the cosparative viewpoint it would be of interest to run 
under identical conditions atteii5)ted dimetalations of the five hetero-
cycles being considered. 
The successful metalations of dibenzothiophene-5-oxide and dibenzo-
thiophene-5-dioxide with n-butyllithium at reduced temperatures firmly 
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establish the possibility of metalating sulfoxides and sulfones (see p* 
13 of this thesis). The results of the metalation reactions currently 
being carried out on phenoxathiin-lO-oxide by lb*. T. Reld and on 
lO-ethjrlphenothlazine-5-oxide by Vr, E. D. Kelson will be of considerable 
Interest. Metalations of the corresponding dioxides also should be 
carried out. Reactions of any of the oxides of thianthrene with n-butyl-
llthium should be run. Of particular interest would be the tri- and 
tetra-oxides of thianthrene since they offer the possibility of yield­
ing tri- and tetra-metalated products. The above reactions also offer 
the possibility of comparing the relative directing influence towards 
metalation reactions of the heterocyclic oxygen, sulfur, and nitrogen 
atoms, tt^ sulfoxide group, and the sulfone group. 
As reported elsewhere (see p. 81; of this thesis), n-butyl li-dibenzo-
thienyl ketone was isolated after carbonation of the reaction mixture of 
dibenzothiophene and n-butyllithium. A reaction should be tried in which 
dibenzothiophene is treated with a large excess of n-butyllithium for a 
nominal period of time followed by carbonation to determine if a good 
yield of the unsymmetrical ketone can be obtained* 
Direct nitration and other direct substitution reactions shoiild be 
carried out on phenoxathiin-lO-oxide, phenoxathiin-lO-dioxide, and any 
of the oxides of thianthrene as a possible means of introducing 
substituent groins into positions not otherwise available by direct 
methods. 
In view of the reported failure to prepare oxides of 2,6-dinitro-
dibenzothiophene and the dioxide of 2Hnitrodibenzothiophene (see p. 19 
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of this thesis), attempts to prepare the oxides of other derivatives 
containing strongly negative groups ^ould be made. The results of 
atteiqjts presently being made by Mr. Gene Wilder to oxidisse 2,8-di-
cyanodibenaothiophene will be of auch interest. 
For purposes of coj^>arison the following halogenatioa reactions 
should be attes^tedt 
1* Huclear chlorination and iodination of dibenzothiophene, 
dibenzothiophene-S-coddey and dibenzothiophene~5-dioxide« 
2, Nuclear brosdnation of dibenzothiophene~5~oxide. 
3. Chlorination or brondnation of dibenzothiophene with excess 
chlorine or faroisine to determine if nuclear halogenation as well as 
oxidation to the monoxide raight be accon^lished. 
h» Dichlorination or BB5no- or di-iodination of phenoxathiin. 
$, Preparation of phenoxathiin-lO-oxide by halogenation. 
6. Bromination or iodination of thianthrene. 
7* Halogenation of any oxide of thianthrene. 
8, Halogenation of dibenzo-£;-dioxin. 
9» Halogenation of a loonoxide of phenoxathiin or thianthrene to 
detenaine if the oxygen or sulfur atcans (ortho~para^directii]g groups) 
exert a stronger orienting influence than the sulfoxide group ( a meta-
directing group). 
10. Halogenation of thianthrene»5,5#10-trioxide to determine the 
relative directing influence of ttie sulfoxide and sulfone groups. 
11. Halogenations of li-hydroxyphenoxathiin and l-hydroxy-
thianthrene. 
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Huclear nitration of phenoxathiin should be attea^jted. By analogy 
with the nitrations of dibenzofuran and dibensothiophene (see p. 29 of 
this thesis) mononitration should yield 3-nitrophenoxathiin (provided 
oxidation of the sulfide linkage could be depressed), but dinitration 
would be iBore unpredictable since both the oxygen- and sulfur-containing 
coB^jounds direct the second nitro group into the position para to tte 
hetero element. Nitration reactions should also be carried out on 
thianthrene. 
In order to make a conjjlete coaparison possible, the Bfofmann 
reaction should be carried out with 1-thianthrenecarboxylio acid amide 
and with l-dibenzo-£-dioxincarboxylic acid amide (see p. 1^3 of this 
thesis). 
An attenpt to prepare bi-(ii-dibenzothienyl) should be made using 
U-dibenzothienylmagnesium bromide and cupric chloride. If the bis 
coiq)Ound could be obtained, then an attes^jted dyclodehydrogenation 
with lithium could be carried out (see p. 172 of this experiment). 
An experiment designed to condense 2-lyrdroxydibenzofuran with 
formaldehyde would be of interest, and possibly more successful than 
the corresponding reaction with U-hydroxydibenjsofuran (see p. 11^3 of 
this thesis) since the 2-isomer has iMo ortho positions available for 
reaction. 
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SUMiaHr 
A STirvey of the literature was made for the purpose of comparing 
the metalation, oxidation, halogenation, nitration, and selected 
condensation, rearrangement, and reduction reactions which have been 
carried out with dibenzofuran, dibenzothiophene, phenoxathiin, thian-
threne, and dibenzo-£-dioxin. 
The reaction of lithium with dibenzofuran and dibenzothiophene in 
dioxane and ether solutions was investigated. Cleavage rather than 
metalation occurred. 
The metalation of diphenyl sulfone and dibenzothiophene~5-dioxide 
with n-butyllithium was successfully accomplished using ten5)eratures 
of -20' to -30", 
Attenpts to dimetalate dibenzothiophene with n-butyllithiun, 
^butylsodium, and benzylsodium were unsuccessful. 
U-H(ydroxyphenoxathlin and l~hydroxythianthrene were prepared by 
treating the corresponding organolithium C0n5)0und with oxygen in the 
presence of a molar equivalent of n-butylmagnesium bromide. 
Hydrogen peroxide was established as being a satisfactory reagent 
for the oxidative preparation of dibenzothiophene-5-oxide and -5-dioxide, 
phenoxathiioh-io-oxide and -10-dioxide, U-tacomodibenzothiophene-S-dioxide, 
2,8-dibromodibenzothiophene-^-dioxide, li-carboxydibenzothiophene-S-
dioxide, li-dibenzothiophenecarboxamide-5-dioxide, and o,£*-dicarboxy-
diphenyl sulfoxide and sulfone. 
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li-I^yidroayidibenzofuran was successfully chlorinated with sulfuryl 
chloride to yield either l-chloro-li-hydroxydibenaofuran or 1,3-di-
chloro-ji-hydrco^dibenzofuran. 
2,8-Dibr0in0dibens60thi0phene was prepared by an iaproved procedure 
and nitrated satisfactorily to yield 2,8-dibronjo-3»7-dinitrodibenzo-
thiophene-5-oxide• 
Attenpts to condense It-hydraxydibenzofuran with formaldehyde in 
both basic and acidic media failed* A similar lack of success attended 
efforts to condense 2,8-dibro2Sodibenzothiophene-5-dioxide and 2,8-di-
broffio-3,7-dinitrodibenzothiophene-5~ojcide with resoroinol in the presence 
of aluminum chloride* 
U-Diberusothic^henecarboxamide was found to undergo the usual 
reazrangement of the Ifofmann reaction to give U-^minodibenzothiophene 
in satisfactory yield. 
The reductive desulfuriaation of dibenaothiophene derivatives 
with Raney nickel as a s^ans of structure proof was found to be 
unsatisfactory when applied to 2-bromodibenaiothiophene, dibenzothio-
phene-5-oxide, and dibenzothiophene~5-dioxide. 
Alkali fusion of 2,8-dibroaiiodibenzofuran when carried out in 
refluxing ^iae^hoasy^traglycol gave only reductive debroaination. 
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